Studies and pilot projects for carrying out the Common Fisheries Policy. Topic LOT 3. Scientific advice concerning the impact of the gears used to catch plaice and sole by Polet, H. et al.
Page 1 of 28 
 
Instituut voor Landbouw- en Visserijonderzoek 
 
www.ilvo.vlaanderen.be 
Wetenschappelijke instelling van de Vlaamse Overheid 
Landbouw en Visserij 
 
 
Draft final report 
- Section A:  Compliance with TORs, exec. summary and summ. by task   
- Section B: Description fleet targeting flatfish in the North Sea 
- Section C: Scenario 1 – general mesh size increase 
- Section D: Scenario 2 – reconversion to alternative fishing methods 
- Section E: Scenario 3 – reconversion to static gears 
- Section F: Environmental impact of fishing in the North Sea 
- Section G: Overview of possible alternative fishing methods in the 
North Sea 
 
Studies and pilot projects for carrying out the common fisheries policy 
Topic: LOT 3, Scientific advice concerning the impact of the gears used to 
catch plaice and sole 
Open call for tenders FISH/2007/7 
 
30 June 2010 
 
 
Contact person:  Hans Polet ILVO-Fishery 
Authors: Belgium Hans Polet ILVO-Fishery 
  Jochen Depestele ILVO-Fishery 
  Kris Van Craeynest ILVO-Fishery 
 Denmark Bo Sølgaard Andersen DTU Aqua 
  Niels Madsen DTU Aqua 
 Netherlands Bob van Marlen IMARES 
  Erik Buisman LEI 
  Gerjan Piet IMARES 
  Ralf Van Hal IMARES 
 UK Alex Tidd CEFAS 
  Thomas Catchpole CEFAS 
 
 
 
Page 2 of 28 
 
 
  
Page 3 of 28 
 
 
 
 
 
 
 
 
 
 
 
Compliance with TORs, executive 
summary and summary by task    
Page 4 of 28 
 
  
Page 5 of 28 
 
Table of content 
Compliance with TORs, executive summary and summary by task   ................................................. 3
2 Terms of reference LOT3 and how they were addressed   ........................................................ 7
3 Changes made to the final report after revision   ..................................................................... 9
4 Executive summary   ............................................................................................................. 13
5 Description of the work, task by task   ................................................................................... 22
The report   ......................................................................................................................................... 22
5.1 Task 1.1 Fleets and effort   ...................................................................................................... 22
5.2 Task 1.2 Target species stocks   ............................................................................................... 23
5.3 Task 1.3 By-catch species stocks   ........................................................................................... 23
5.4 Task 1.4 Discards   ................................................................................................................... 24
5.5 Task 1.5 Selectivity   ................................................................................................................ 24
5.6 Task 1.6 Effects on commercial yields from the fishery   ........................................................ 25
5.7 Task 1.7 Review of other environmental impacts   ................................................................. 25
5.8 Task 1.8 Socio-economic assessment   .................................................................................... 26
5.9 Task 2: Identification of the main problem areas by gear type   ............................................ 27
5.10 Task 3: Technical review of modified or alternative gears   .................................................... 27
5.11 Task 4: Prediction of effects of alternative gears   .................................................................. 27
 
  
Page 6 of 28 
 
 
Page 7 of 28 
 
2 Terms of reference LOT3 and how they were addressed 
The objective of the study is twofold: 
Objective of the study 
Evaluate the impact of fishing gears currently used to catch plaice and sole in the North Sea. 
Investigate (and if appropriate, recommend) the use of alternative fishing gears for the fisheries 
concerned. 
This study made a detailed description of the North Sea flatfish fishery in terms of socio-economy, 
landings and effort, discards and environmental impact. An extensive overview of alternative fishing 
gears is presented and of a selection of alternatives the same data were presented as for the 
baseline fishery. Long term trends on economy, fish stocks and environmental impact are presented. 
The Council, on the basis of a proposal from the Commission, has adopted a Regulation concerning a 
multi-annual plan for the management of plaice and sole in the North Sea. The plan establishes rules 
for setting TACs and effort levels. It is foreseen to accompany this plan with changes to technical 
measures that, where possible, would improve the selectivity of fishing gears and reduce the 
negative consequences on the ecosystem and the marine environment. 
Background 
The study shall: 
Terms of reference 
(a) Evaluate the impact of fishing gears currently used to catch plaice and sole in the North Sea, 
including (but not limited to) beam trawls, trammel nets, gill nets, otter trawls and demersal (Danish) 
seines. 
An extensive overview of the impact of fishing in the North Sea is presented for following gears: 
beam trawl, single and twin otter trawl, demersal seine, pair trawl, gillnet and trammel net.  
The evaluation should include: 
• an assessment of the size- or age-selectivity of the fishing gear with respect to sole and plaice 
as well as where possible to other species caught by these gears; 
o a meta analysis of recent selectivity data is presented for beam trawls, otter trawls 
and gill- and trammel nets for sole, plaice, cod, haddock and whiting. 
• an assessment of the impact of the gears on non-target and non-marketable species, 
including benthic invertebrates, and the long-term consequences of such impacts on the 
ecosystem, the marine environment, (including the wider environment and the emission of 
greenhouse gases) and effects on the commercial yields from the fishery; 
o An extensive overview of the environmental impact of different gears is presented, 
including seafloor impact (+ quantified), tow path mortality, productivity, recovery 
and long-term impacts. Fuel consumption and CO2 emissions are described and 
quantified and the long term impact on yield and SSB is presented including 
quantified estimates. 
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• an assessment of the consequences of using alternative fishing gears for the by-catches of 
other marketable fish (including turbot, brill, skates and rays, lemon sole, dab etc.) and 
where possible the stocks from which these catches are taken; 
o For a selection of alternative gears, landings are presented for all species or species 
groups present in the landings statistics. Stock effects for by-catch species are given 
for cod, haddock and whiting. 
• an economic and social assessment of the consequences of using various fishing gears, in 
terms of their cost-effectiveness, implications for employment and profitability of the 
activity; 
o For a selection of alternative gears, detailed socio-economic data are presented. 
• an assessment of the ecosystem effects of using different mesh sizes. 
o The effects of alternative mesh sizes on fish are described in detail, including long 
term effects. For invertebrates and non-commercial fish, due to absence of selectivity 
data, this issue was only addressed qualitatively. 
(b) Investigate (and if appropriate, recommend) the use of alternative fishing gear that could be used 
to catch plaice and sole. The aim is to improve the selectivity of the gears used to target flatfish, 
reduce any unnecessary or unproductive impact on the ecosystem, and improve the sustainability (in 
economic, ecological or social terms) of the fisheries concerned. 
A detailed study was made of a selection of alternative gears. The gears have been selected in order 
to reduce discards, reduce seafloor impact and reduce fuel consumption. 
This evaluation could include a wide range of conditions attached to the use of fishing gear, e.g. use 
of different or restricted fishing gears in certain marine areas. 
A wide range of issues is discussed in this report but the issue of closed areas or areas with 
restricted access for certain gear types has not been addressed and this was also not included in the 
project proposal. Issues like total fished surface by gear and vessel type, total length of the nets set 
for static gear (including for potentially increased effort) and impact of gear types on different 
ecosystem components are, however, presented.  
The evaluation should include an assessment of the impact of any large-scale changes to the 
structure of fishing gears. 
Different scenarios with large scale changes to the use of fishing gears are described in detail. 
All evaluations should be made with regard to both the long-term consequences for at least ten but 
preferably more than twenty years, and the short-term or transitional consequences, in social, 
economic and ecological terms. 
The transitional and long term effects are given although the time span was restricted to ten years. 
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3 Changes made to the final report after revision 
In the evaluation report, three specific comments were made which are addressed below: 
1. lower discard rates of pulse trawls and the issue of escapee mortality 
First of all, from the field data it cannot be distinguished whether the lower discard rates are due to a 
better selectivity or because of the lower towing speed. It seems logical that the lower towing speed 
will have a significant effect on by-catch and discards of non-target species but there is also evidence 
that lower catch weights in the cod-end may improve selectivity (although evidence exists that 
proves the contrary). Insufficient data are available to draw firm conclusions. IMARES have compared 
the condition and survival of juvenile plaice caught by a tickler chain beam trawl and a pulse trawl. In 
this case both trawl were fished at the same speed (5.5 kts). The result showed a decrease in damage 
for the pulse trawl, and better short term survival of plaice. Survival at longer term was not very 
different, but this may have been caused by other factors, e.g. the keeping conditions (van Marlen et 
al., 2005). 
On the issue of escapee mortality, the following can be said based on the recent laboratory 
experiments carried out by IMARES: 
Lesser spotted dogfish: No evidence was found of differences in feeding response or likelihood of 
injury or death between the exposure groups. There was no evidence that fish sustained injuries as a 
result of the exposures. Respectively 8 and 9 months after the experiment a single specimen of the 
“above field” category and “near field” category died. In the 14 days observation period after the 
exposures no aberrant feeding behaviour could be distinguished. Fish in all tested groups started 
feeding normally the same day directly after the exposures. In a period of 7 months after the 
exposures all exposed groups produced eggs in numbers varying between 5-39 per group. 
Surprisingly the control group did not produce eggs. 
Cod: The fish exposed in the “far field” range, representing the fish just outside the working range of 
the trawl, showed hardly a reaction to the exposures and responded normally to the feeding cycles. 
The fish exposed in the “above field” range showed a moderate contraction of the muscles, but all 
recovered well and responded normally to the feeding cycles. The effects on the fish exposed in the 
“near field” range were more pronounced, 4 fishes died shortly after the exposure, and another 2 
died in the observation period thereafter. In the observed period of 14 days after the exposures the 
surviving fish packed together outside the feeding zone and hardly responded to the feeding cycles.  
Post mortal analysis using X-ray scans revealed that 5 out of 16 remaining fishes exposed in the “near 
field” range had hemorrhages close to the vertebral column, and of these five, 4 had vertebral bone 
fractures. No injuries were found on the fish exposed in the “above field” range, that showed weaker 
reactions to the electric exposure.  
It must be noted that the smallest fish in the series tested was 41cm, thus well above MLS. Regarding 
escapee mortality, only small fish can be taken into account, i.e. the ones that can escape an 80mm 
mesh. The results for small fish can be different from the large fish because the intensity of the 
electric field decreases with the length of the fish. Further experiments on cod with smaller lengths 
will be conducted by IMARES in 2010. 
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Benthic invertebrates: For two species (ragworm and European green crab) a 3:5% statistically 
significantly lower survival was found compared to the control group, when all exposures were 
lumped together. For the near field exposure a 7% lower survival was also found for Atlantic razor 
clam. For the other species (common prawn, subtruncate surf clam, common starfish) no statistically 
significant effects of pulses on survival were found. Surf clam seemed not to be affected at all, 
common prawn seemed to show lower survival in the highest exposures (near and medium field), 
while common starfish showed lower survival, but not for the highest (near field) exposure.  
Food intake turned out to be significantly lower (10:13% less) for European green crab, except in the 
far field exposure for which the reduction (~5%) was non-significant. No effect at all was found for 
ragworm, surf clam and razor clam, lower food intake for common prawn, and higher for common 
starfish, but all these results were statistically non-significant.  
Surf clam and starfish did not show any behavioural reaction at all, they did not move. The other 
species showed very low responses in the far field exposure range. In the medium and near field 
ranges the reactions were stronger. Food intake and behaviour recovered after exposure.  
In general terms the effects of the pulse stimulus in terms of mortality and food intake can be 
described as low. It is therefore plausible that the effects of pulse beam trawling, as simulated in this 
study, are far smaller than the effects of conventional beam trawling.  
ICES WKPULSE: The reviewing experts concluded that there is primarily more information needed on 
the effect on cod before the pulse trawl can be allowed on a commercial basis. The reviewing experts 
could not be convinced that the simulator provided an adequate representation of the in situ pulse, 
due to the fact that they were not able to review the specifications of the pulse characteristics 
resulting from confidentiality issues. They recommended that a three-dimensional temporal-spatial 
model of exposure of cod inside the trawl using information about behavioural responses validated 
by direct underwater observation would be useful. Furthermore it was suggested to investigate the 
effect of pulses on the electro-receptor organs of elasmobranchs, and determine the catch rates of 
these fish in beam trawls. Also to look at other gadoid species: e.g. haddock, and whiting. It was also 
suggested to investigate the effect of the pulse on the reproductive capabilities of benthos, but 
weigh this against the mortality in the conventional tickler chain beam trawl. 
Conclusion: It can be concluded that the electric field used in the flatfish pulse trawl does have 
effects on living organisms. These effects differ according to the species. Theoretically there is a size 
effect as well but this could not be concluded from the experiments. In general it can be concluded 
that the additional mortality of escapees due to the electric field, over all species, is likely to be 
limited. It would, however, be good to follow the advice of WKPULSE and present a better 
description of the electric field and expand the laboratory trials. It should be noted that more 
experiments will be conducted in 2010. 
 
van Marlen, B., van de Vis, J.W., Groeneveld, K., Groot, P.J., Warmerdam, M.J.M., Dekker, R., 
Lambooij, E., Kals, J., Veldman, M., Gerritzen, M.A., 2005. Survival and physical condition of sole and 
plaice caught with a 12 m pulse beam trawl and a conventional tickler chain beam trawl. RIVO Report 
C044b/05. 
  
Page 11 of 28 
 
2. Geographical distribution of flatfish catches 
The catches by ICES statistical rectangle for 2006 are available for sole, plaice, cod, haddock and 
whiting, not for the other flatfish species. The geographical distribution of the origin of the landings 
of sole and plaice are given in the Fig. below. 
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Total plaice landings 2006 (ton)
1000
Total sole landings 2006 (ton)
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3. Profitability after mesh size increase by mesh category 
As a start to answer this question the sole and plaice fishery should be defined. In reality it is not 
always simple but in Scenario 1 it is quite clear that the sole trawl fishery is the 90mm group, the 
static sole fishery the 100mm group and all plaice fisheries come in the 140mm group. 
The figure below gives the operational profit per unit of value landed. The 90mm group is still 
profitable and even profits of the fish that is not caught anymore by the larger mesh groups. The 
100mm group makes a small financial loss and the 140mm is hit hard by the mesh size increase.  
 
 
 
The long term trend in value and profit by mesh size (and gear type combined) is given in Fig. 1.22 
and the trend in profit by mesh category is given in Fig. 1.23. From this it is clear that the 90mm takes 
a small early loss but then quickly gains a profit that is higher than the baseline. The 100mm group 
starts off with a profit close to zero which does not change much over the years. The greatest loss is 
suffered by the 140mm group. The loss gradually decreases over the years but does not get break-
even within 10 years.  
 
Fig. 1 23 - Profit values estimated for three gears; 90mm, 100mm and 140mm, over the years 2006-2016. 
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4 Executive summary 
The flatfish fishery in the North Sea is a fishery in transition. The persistent criticism of the 
environmental impact of fishing through seabed impacts, discards, by-catch of marine mammals and 
impacts on seabirds has been an important driver. Beam trawling has been the focus of much 
criticism because of its impact on the seabed but several fishing methods have had their share of 
attention. Seafloor impact is also evident for otter trawling, and while the intensity of seabed 
impacts is less than for beam trawling, otter trawls affect a much larger surface area. Discarding is 
not an issue restricted to trawl fisheries. Set nets and demersal seines, as used today, also have 
selective characteristics that can lead to high discard rates and in mixed fisheries discarding can also 
arise as a result of quota restrictions or through high-grading. The incidental by-catch of marine 
mammals is a serious concern in certain set net fisheries, and while marine mammal populations in 
general are not threatened by such fisheries,  this undoubtedly would become a problem if fishing 
effort were to increase significantly. Fishing also has consequences for seabirds. Some die through 
interaction with fishing gear but a major impact is caused by discarding of fish and offal which 
provide an important source of food for certain species. Initiatives like MSC accreditation have 
increased the pressure be seen to be fishing in a more sustainable way. The desire for MSC 
accreditation is not so much consumer-driven, but the commercial interest of retailers who have a 
desire to promote "green fish" is forcing fishermen to become increasingly open to a change in 
fishing practices. However, the main driver for change in the North Sea flatfish fisheries, as became 
clear during the 2008 fuel crisis, which persisted for not much more than half a year, is the 
unpredictability of the fuel price which led to dramatic changes in the fleets exploiting flatfish. The 
fuel crisis provided the incentive to develop and adopt fuel saving techniques like the fuel 
consumption meter, the Sumwing, Dyneema netting and modernization of engine and propeller 
which have already resulted in a reduction in the fuel bill. Several vessels now tow different (lighter) 
gears like the outrigger trawl as an alternative for the beam trawl. Others have joined the passive 
fishing fleet like the Dutch MSC-labeled set netters. The flyshooting method has reappeared in a 
modern version. This new method is fuel efficient, produces premium quality fish and has low 
environmental impact. However there are indications that this method may be threatened because 
of its high fishing efficiency.  
Introduction 
Transition and adaptation to new situations bring new problems and regular evaluation is necessary 
to guide the transitional process. Managing this process needs a thorough knowledge of the 
historical development of the fishery in order to adequately evaluate the changes that have taken 
place. This project attempts to integrate quantitative technical, biological, ecological and socio-
economic information and presents it in an accessible way. In doing so it presents a rather complete 
picture of the fishery (Section B of this report). In addition, an overview is given of the different 
alternatives for the fishing fleet in the North Sea that could lead to more sustainable fishing. Section 
G of this report gives an overview of possible alternatives for the traditional flatfish fishery that could 
lead to a reduction of fuel consumption, discarding, accidental by-catch and seafloor impact.  
About this project 
In order to assist in assessing the possible consequences of different management measures, this 
report presents four different scenarios based on technical and operational changes to the fleets 
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exploiting flatfish. The information in the scenarios follows the template used to describe the 
baseline fishery in 2006 as presented in Section B of the report. The scenarios were selected to 
address following aims: 
a) increase the yield and biomass of the stocks 
b) increase the fuel efficiency of the fleet  
c) decrease environmental impact 
d) a combination of (a), (b) and/or (c) 
Many options are available and the choice has been based on expert judgment which inevitably 
involves a degree of subjectivity.  
The following scenarios were selected: 
• Scenario 1:  a general increase in mesh size (Section C) 
• Scenario 2a:  introduction of the Sumwing (Section D) 
• Scenario 2b:  replacement of beam trawls with pulse trawls and outriggers (Section D) 
• Scenario 3:  a full conversion to static gear (Section F) 
This project did not permit an analysis of a large number of scenarios, so small steps or transitional 
phases were not addressed. The selected scenarios assume transition to the scenario objective in a 
single step. 
The general principle that was accepted from the outset of the project was to obtain representative 
and detailed quantitative data and to use a simple methodology. The idea was to integrate socio-
economic, biological, technical and impact related data. Since it was decided to analyse data at the 
métier level rather than by fleet segment, it was clear that the amount of data and the high degree of 
detail involved would lead to high complexity. We therefore needed to devise simple and 
straightforward methods in order to complete the project with the available time and resources.  
Method 
A database was set up with economic data, vessel and operational data, fishing gear details and 
impact related information. The information was retrieved from national statistics, the literature and 
from the field (the fishery, net makers, sea trips etc.). Once the database incorporating 73 métiers 
was set up, for, it was relatively straightforward to derive a variety of parameters integrating the 
different data. 
For most of the parameters of interest, reliable and representative data were feasible to obtain, but 
the reliability of discard data proved to be a problem. It was decided that the use of DCR-data would 
not be appropriate, not only because of the poor quality of discard data, but also because it was not 
the intention to compare gears used in certain situations but to compare the generic selective 
properties of different gears and the potential consequences of using such gears in areas with young 
fish. Total catch data for each métier were estimated using a model developed by IMARES. The 
model has the facility to simulate the likely effects of introducing different mesh sizes and different 
gears. The catch (landings and discards) data were then fed into a simulation model developed in FLR 
to undertake long term projections, the outcomes of which were also expressed in economic terms. 
Socio-economic, biological and impact data were expressed quantitatively wherever possible and to 
aid comparison, usually expressed per kg fish landed or per Euro fish landed. 
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The approach for the alternative scenarios was similar. Basic data on alternative gears were 
collected. The database was adjusted with the new data and the same calculations were carried out 
as for the baseline fishery. The results from the model were not used in absolute terms but were 
expressed relative to the baseline scenario.  
The flatfish fishery in the North Sea is dominated, in terms of landings and fishing effort, by large 
vessels which deploy beam trawls. The 80mm mesh is "the" mesh size for the fishery targeting sole 
but is also the most important mesh size for plaice. The fishery generates positive operational profits 
(before taxes and financial costs) for each length class of vessel, each gear group and each mesh size 
group. When looking in detail at a finer métier level, there is a huge variation in profitability and 
some métiers make significant financial losses. The larger vessels using beam trawls generate most 
profit. 
The flatfish fishery in the North Sea – baseline fishery  
Larger vessels target flatfish which account for the vast majority of their landings and income. As 
vessels get smaller, the landings consist of an increasing variable mix of species. When comparing the 
amount of fuel and the amount of labor needed to generate a unit of income, it is clear that the 
larger vessels are strongly dependent on fuel while the smaller vessel depend more on labor. A 
similar conclusion can be made with regard to fishing method where a unit of income for beam 
trawlers is highly dependent on fuel cost and less on labor costs, compared to all other fishing 
methods.  
Trawling, and especially beam trawling for flatfish, is known to be a fuel-intensive fishing technique. 
The nets can be relatively heavy, with numerous tickler chains running over the sea bed. In addition, 
the towing speed can be high (6-7 kts). Expressed in liters of fuel used per kg fish, this project 
indicated an average for the larger vessels of almost 4 liters/kg fish and according to van Marlen et 
al. (2008a), the maximum can be as high as 4.6. Rather volatile fuel prices, which led to fuel costs 
that equated to more than 40% of revenue in the past, put the economic viability of this sector at 
risk. At present, many actors in the fishing industry believe that there is a need to replace beam 
trawls with tickler chains by alternative, more fuel efficient and ecosystem-friendly fishing gears.  
In general it can be concluded that set nets and demersal seines are fuel efficient compared to all 
trawling gears and especially compared to beam trawling. 
 
Most of the gears addressed in this project operate in mixed species fisheries. The mesh size used is 
usually chosen to catch the main target species, e.g. for sole 80 mm or 90 mm and for plaice 100 mm 
or 120 mm. This implies that the selectivity is non-optimal for other species that enter the net, 
leading to by-catches and discarding of undersized fish and benthic invertebrates. This report, 
although based on simulation, indicates the gravity of the problem. It is clear that the discard data 
obtained from sampling at sea are lower compared to the results obtained through simulation in this 
report. 
Bottom impact and effects on the marine ecosystem were found to be considerable for beam trawls, 
although all towed gears significantly impact the seafloor and its communities. One of the main 
impacts of trawling on the marine environment is the homogenization of the sediment (removal of 
physical structure), which in turn leads to more homogeneous benthic communities. In general it can 
Environmental impact of fishing in the North Sea by towed gear 
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also be concluded that trawling reduces biomass, production and species diversity, with a higher 
sensitivity for the softer sediments and hard substrates. Sandy sediments appear to be more resilient 
to trawling, especially in dynamic areas, although recent research indicates that closely associated 
species of biogenic reefs (e.g. Lanice conchilega, typical for inshore fine sandy sediments in the North 
Sea) are impacted by beam-trawl fisheries. The reef structure itself can persist under intermediate 
beam trawl pressure but the integrity of the reef is affected as the system as a whole degrades 
immediately after disturbance. In general, dynamic sandy areas are more resilient to trawling but 
that biogenic reefs that can occur in these areas, like mussel and oyster banks, Lanice etc. are 
vulnerable. 
Sweeping the surface with trawls may affect biomass and production of epifauna and may reduce the 
abundance of sessile organisms. Penetration into the sediment may affect infauna by causing 
damage or direct mortality and by exposing the animals to predators. The impact of the first passage 
of a trawl has the greatest effect, while an increase of trawling effort on communities that were 
already heavily trawled had little additional effect on production or biomass for all habitats. With this 
in mind it is important to stress that the parameter “surface fished” as given in Error! Reference 
source not found., should be interpreted with caution because a large part of the fishing effort has a 
strong geographical overlap. 
In order to get an idea on the order of magnitude of fishing impact, we cite Hiddink et al. (2006b) 
who concludes that benthic biomass in the Dutch and UK sector of the North Sea is 56% lower than 
would be expected in the absence of bottom trawling. Benthic production in the Dutch and UK sector 
of the North Sea was 21% lower, consistent with a shift in the benthic community towards smaller 
individuals and species with higher P:B (Production to Biomass) ratios. A reduction of trawling impact 
can be achieved by redirecting trawling effort from vulnerable to more resilient habitats. 
Bottom disturbance by trawling may have positive as well as negative effects for some fish species, 
from an economic perspective. It may improve feeding conditions for e.g. plaice but bottom trawling 
can have undesirable effects on the ecosystem and other commercial fish (e.g., on fish species that 
feed on large invertebrates, such as Atlantic cod ). As such the resultant effect of fishing for 
commercial species depends on the balance between positive and negative effects. On a longer time 
scale, fishing may affect the species assemblage. Over time, there seems to have been a shift in the 
Southeastern North Sea from fish that eat large benthic invertebrates (such as cod and rays) to ones 
that eat small worms (such as plaice, dab and sole). As such, certain fishing methods favor their own 
target species. It is clear that trawling can influence the productivity of fish species either positively 
or negatively, depending on a range of factors such as fishing effort, community structure (large or 
small invertebrates), the diet of fish species, etc. The decision to change to different fishing methods, 
increase or decrease fishing effort or redistribute fishing effort and the potential effects on benthic 
communities needs to be carefully considered. 
Evidence from the literature also indicates that the synergistic effects of overfishing in the North Sea 
and predicted climatic changes provide a particularly powerful driver of ecosystem structure that 
shortens the period for change to occur. This is primarily because overfishing is known to simplify 
food webs, trigger trophic cascades and promote the proliferation of jellyfish, which feed on fish 
eggs, fish larvae, and zooplankton. The net result of these changes has been to create a simplified 
ecosystem structure focused on lower trophic level invertebrates. The proliferation of jellyfish that 
can exert both top-down and bottom-up control of fish recruitment may signal the ecological climax 
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of these changes. The extent of the synergistic effects of fishing and climate in the North Sea 
suggests that management may be unable to reverse current climate and human-induced changes.  
Quantitative parameters presented in this report indicate that the beam trawl has the highest 
seafloor impact compared to other fishing methods. However, taking into account that beam trawl 
effort is spread very patchily and is geographically persistent, the extent of seafloor impact is not 
simply correlated to the metrics used in this study. In order to put this into perspective, the metrics 
“surface fished” and “sediment displaced” have been expressed in terms of weight (per kg) and value 
(per €) of fish landed by gear type (Table 4-1). Passive fishing gear performs best and has negligible 
seafloor impact. In terms of fish landed by surface area disturbed, the beam trawl seems to have a 
lower impact compared to the other towed gears.  
Table 4-1: The impact parameters expressed in terms of landed weight and value 
Gear type
m²  fished/kg 
landed fish
m³ displaced/kg 
landed fish
m²  fished/€ 
landed fish
m³ displaced/€ 
landed fish
GNS 18 0 5 0
GTR 8 0 3 0
OTB 3,516 48 983 14
OTT 6,021 81 1,875 25
OTX 4,221 56 1,059 14
SDN 12,890 3 5,419 1
TBB 2,756 72 709 18  
Legend: 
OTB: single oter trawl OTX: outrigger or twin otter trawl GTR: trammel net SDN: Danish seine 
OTT: twin otter trawl GNS: set gillnet PTB: pair trawl 
 
TBB: twin beam trawl 
Recent studies have provided new insights into the impact of otter trawls on the seabed. Most 
noticeable were the furrows produced by the trawl doors (also known as otter boards), that may 
extend 100-200 mm into the sediment. The depth of the furrows is dependent on how the doors are 
rigged and by appropriate rigging the pressure on the sea bed can be greatly reduced. The effects of 
sweeps and ground rope on the seabed are less pronounced and depend on their construction. 
Rubber discs and bobbins of a ‘rockhopper’ type of ground rope may reach penetration depths of  
about 30-50 mm, and the plate gear about 10 mm, indicating that with alterations to the ground 
rope impacts on the sea bed can be reduced.  
A detailed description of the environmental impact of beam and otter trawls can be found in Section 
F of this project report.  
The fuel consumption of vessels deploying set nets is usually a lot less than those using towed gears, 
and does not pose a major economic concern for such vessels. Set nets are usually rather selective 
and a species-specific optimum mesh size is usually used in order to obtain maximum catches. 
Detailed aspects of set net selectivity are mentioned in Section B. The results presented in this report 
indicate that despite the selective properties of set nets, discarding can also be an issue in set net 
fisheries as well as towed gear fisheries. 
Environmental impact of fishing in the North Sea by set nets 
In addition non-fish by-catches also occur, e.g. marine mammals and sea birds. Good quantitative 
data are rare but anecdotal evidence clearly suggests that by-catch of marine mammals in the North 
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Sea may be a problem and should be investigated further.  Regional and seasonal closures and the 
use of pingers are potential options to reduce the problem. The reported level of fishing mortality on 
harbor porpoise (>1.1% of the population removed by fishing per year) is not currently considered to 
be a threat to the population, since a value of  1.8% is considered to be the upper threshold beyond 
which there is an  increased risk of population decline. However, if set net effort were to increase, 
the harbor porpoise population may become under threat.  
The bottom impact of set nets is very low. 
Comparing fishing gears is not a straightforward exercise. Different methods of comparison may lead 
to different conclusions and hence the results presented here should be interpreted with caution. 
Despite such reservations, we have attempted to present a shortlist of metrics describing the 
performance of a fishing method and used a scoring system. Each of the 32 métiers investigated 
were scored using the following metrics expressed per unit of landed value:  
Quantitative comparison of fishing techniques 
• profit, employment, fuel efficiency, surface fished, sediment displaced, by-catch of mammals 
and birds, sole and plaice discards and roundfish discards. 
For each metric, the métiers were ranked. The rank was used to calculate the score. For each gear 
group, the average of the ranks of the métiers in that group was calculated and used to score the 
gear. The results are presented below.  
 
Scoring of the different fishing methods; note that a high score is a good score, i.e. a high score for discards 
means low discard rates. 
In order to highlight the effects of technical and operational changes to the North Sea flatfish fleet, 4 
different scenarios were investigated in this project of which the results are presented in Section C, D 
and E of this report. 
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Scenario 1 – general increase in minimum legal mesh size 
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Increasing the minimum legal mesh size is a simple and straightforward measure to reduce discarding 
of commercial fish as well as non-commercial fish and invertebrates. In theory, any increase in mesh 
size would reduce the catch of a fishery operation in the short-term, be it towed or set gear. 
Whether actions of fishermen to negate or reduce the effects of increased selectivity, when 
confronted with commercial catch loss due a mesh size increase, would occur and how they would 
do it is speculation and not part of this study. This possibility should, however, been taken into 
account when considering such a management measure.  
In Scenario 1 of this study, the effects of an increase in mesh size were investigated. This increase 
was: 
• towed gears: 80mm to 90mm ; 100mm or 120mm to 140mm 
• set nets: 90mm to 100mm ; 120mm to 140mm 
This was done for the entire North Sea fleet that catches a non-negligible amount of sole and plaice. 
This measure leads to an overall immediate reduction in landings for sole, plaice and all other species 
of 14%, 4% and 9% respectively. This leads to an overall immediate loss in revenue of 10%, i.e. from 
297,222 k€ to 268,335 k€. The smaller vessels seem to lose relatively more landings and revenue 
compared to the larger vessels and in general, this is also the case for static gear compared to towed 
gear. The 140mm and 100mm fisheries, be it towed or set gears, lose most landings whereas the 
90mm fishery looses sole but increases its plaice catch. In general profitability decreases but stays 
positive for the larger vessels, but not for the smaller vessels (any gear type). The beam trawl and the 
twinrig métiers are the only gear types to remain profitable. The break-even fuel price for the whole 
fleet is 0.47 € compared to 0.59 € for the baseline fishery. 
Average discards in number for sole, plaice, cod, haddock and whiting are immediately reduced by 
32% and the sole and plaice discard numbers are reduced by 31%. The SSB of sole, plaice, cod 
whiting and haddock is expected to increase by 19%, 44%, 10%, 8% and 9% respectively  ten years 
after the introduction of the new mesh sizes. The yield in terms of landings for all five species 
increases especially for plaice (+35%). In the first two of years the plaice yield substantially drops, but 
subsequently there are large year on year increases. Yield of sole shows a similar pattern to the 
baseline projection in the first few years but then improves to give a substantial increase in yield 
after 10 years. Cod also follows the baseline projection, in the short term there is no considerable 
loss in yield but in the latter years of the projection yield is predicted to increase. As expected, a 
delay in the age at first capture, is of benefit to the stocks of all species in that spawning stock 
biomasses and future catch rates are predicted to increase relative to the baseline forecast. 
The Sumwing is a wing shaped replacement of the beam trawl beam and shoes and reduces 
hydrodynamic drag and seafloor contact. Applying the Sumwing allows fishermen to trawl at the 
same towing speed as before, with reduced fuel consumption, reduced CO
Scenario 2a – replacing the beam trawl with the Sumwing 
2
The above results assuming that towing speed is indeed kept constant. However, the reduced 
hydrodynamic resistance of the Sumwing would allow an increase in the towing speed and result in a 
similar amount of fuel consumption , but more ground could be swept resulting in increased catches. 
 production and less 
seafloor damage. The break-even fuel price for the whole fleet rises from 0.59 € to 0.62 €. Despite 
the investment cost, total operational costs drop slightly and profit increases slightly due to reduced 
fuel consumption.  
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Anecdotal information also indicates that shorter haul times may also result but in the absence of 
reliable data, this is considered speculative. 
The aim of Scenario 2b was to increase the yield and biomass of the stocks, increase fuel efficiency 
and decrease environmental impact. The flatfish pulse trawl as well as the outrigger otter trawl, as a 
replacement of beam trawls which are by far the dominant gear types in the North Sea flatfish 
fishery, do lead to a significant reduction in fuel consumption of around 50%. The lower towing 
speeds may lead to reduced discards of non-target species and the technical characteristics of the 
gears clearly lead to reduced seafloor impacts. 
Scenario 2b– replacing the beam trawl with the pulse trawl and outrigger trawl 
The results of this scenario indicate that introducing the pulse trawl as an alternative for the beam 
trawl targeting sole and the outrigger trawl as an alternative for the beam trawl targeting plaice, 
brings some clear advantages.  
Fuel consumption and the according cost and CO2 
The total numbers of discards for the five species investigated are all reduced with 5%. The long term 
yield of the sole and plaice stocks in terms of landings in weight increases by 3% and 8% respectively 
after ten years but the landings in weight  for cod and whiting are reduced by 11% and 9% 
respectively. The amount of non-commercial animals discarded is likely to be reduced due to the 
reduced towing speed and the strongly reduced penetration depth of the gears. 
production drop strongly. The fuel cost of the 
whole fleet is reduced, on average, by 37% and the break-even fuel price increases from 0.59 € to 
0.84 €. This clearly benefits the profitability of the fleet, despite the high investment costs for the 
pulse trawl, and makes the fishery more resilient to rising fuel prices. The profits of both small and 
large vessels increase in this scenario. The total plaice landings in weight is reduced by 11% but the 
sole landings increase by 10%. Overall, the long term (10 yrs) trend of profit of the fleet is positive 
and slightly increasing over this period of time. 
The seafloor impact expressed as surface fished but especially of displaced sediment is also 
significantly reduced by 5% and 54% respectively. This will undoubtedly reduce the impact of fishing 
on the benthic communities but long term effects are impossible to predict quantitatively.  
Scenario 3 was set up in order to simulate a situation with increased fuel efficiency and a decreased 
environmental impact. Set nets are known to have a negligible seafloor impact and a very low need 
for fuel to produce landings. The main drawbacks of these fisheries are the potential by-catch of 
marine mammals and seabirds and possible ghost fishing of lost gear. 
Scenario 3 – replacing all towed gears with static gear 
The effort increase with static gear was chosen such as to obtain exactly the same sole and plaice 
catches compared to the baseline fishery. A criticism that is often heard is that increasing effort of 
this fishery would be limited because of the lack of space in the North Sea related to the high lengths 
of deployed gears. We attempted to address this as follows:  
The total length of set nets per year is 159,241 km in the baseline fishery. In Scenario 3 this increases 
to 2,324,984 km which is 6,370 km set every day in the year. In comparison the length of the North 
Sea is about 1,000 kilometers from the south to the north which gives a length set of some 6 times 
the length of the North Sea. The fishery with set nets gears is today concentrated on a much smaller 
area mainly in coastal areas in the central and southern North Sea. In scenario 3 the fishery would 
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have to be conducted in areas fished by the towed gear fleets. The main catches of the towed gear 
fishery comes from an area covering about half of the North Sea. The surface area of the North Sea is 
a 575.300 km². If the set net fishery were to be conducted in half of this area, 22 m of net will have to 
be set every day each year per square kilometer. If we calculate this, taking into account that the 
average yearly days at sea for this type of fishery is 150 days and assuming all effort takes place in 
just these 150 days, each square kilometer would contain 54m net. 
If, in Scenario 3, fishing vessels would target fish in broadly the same way as the baseline fishery, the 
non-target species landings (in weight) are predicted to reduce by 30%. The total fuel cost of the fleet 
is predicted to reduce by 84% but the labor cost would increase by 43% and employment by 47%. 
The break-even fuel price is predicted to increase to 0.99€. The overall operational profit of the fleet 
would be about 7% of the landed value but some métiers would make a financial loss. Income and 
profit would decrease in the first few years but in the longer term (10 yrs), would increase 
significantly (not taking into account investment costs for new vessels). 
The numbers of fishing vessels needed to carry out a wholly set net fishery would more than double 
compared to the baseline fishery, as would the effort expressed as days at sea. Effort expressed in 
kWdays, however, would be less than half. 
The discards, in numbers, for all species and for sole and plaice are predicted to reduce by  53% and 
51% respectively. The long term effects (+10yrs) on yields (landings in weight) with the replacement 
of towed gears with static gears show substantial benefits for plaice (+59%) and sole (+11%) and a 
significant loss for whiting relative to the baseline forecast.  Plaice, whiting, haddock and sole SSB are 
predicted to significantly increase (+81%, 47%, 17% and 11% resp.) but the SSB for cod is predicted to  
decrease  dramatically by 59%. 
The fished surface and the sediment displaced, and the associated seafloor impact, would be 
reduced to almost zero. Whereas for the baseline fishery 3.1 liter of fuel is needed to land 1kg of fish, 
this is reduced to 0.49 liter. Annual total CO2 
Without additional management measures however, the incidental by-catch of marine mammals is 
highly likely to increase to a level that would endanger the health populations like harbor porpoise. 
production would reduce from 694.000 ton to 91.000 
ton.  
This executive summary merely holds a fraction of the available results. Besides the multitude on 
information available in the report, the database can produce tailor made results when needed with 
a minimum of effort. 
Available data 
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5 Description of the work, task by task 
The report 
For clarity, the report has been subdivided into different section, i.e.: 
1. Section A:  Summary by task 
2. Section B: Description of the fleet targeting flatfish in the North Sea 
3. Section C: Scenario 1 – general mesh size increase 
4. Section D: Scenario 2 – reconversion to alternative fishing methods 
5. Section E: Scenario 3 – reconversion to static gears 
6. Section F: Environmental impact of fishing in the North Sea 
7. Section G: Overview of possible alternative fishing methods in the North Sea 
For clarity and the ease of reading, some pieces of text have been repeated, especially in Section F. 
 
5.1 Task 1.1 Fleets and effort 
The first decision that had to be taken in the project, and the one with consequences for the work 
throughout the project, was the choice to use “segments or métiers” (and métier level) as a means to 
split up the “North Sea sole & plaice fleet” into homogeneous groups. These groups had to be 
sufficiently uniform in order to be able to generalize the effect of changes to the fishing gear over all 
fishing vessels in the group. There was a general preference to use fleet segments, as defined in the 
Annual Economic Report (AER), the main advantage being the easy access to data and the low degree 
of complexity. Low complexity would be welcome in this project where economic, social, biological, 
technical and ecological information had to be integrated.  
Summary 
One of the main tasks of this project was to study the effects of mesh size increase and switching to 
alternative gears, with the aim to decrease impact and maintain economic performance. Segments as 
defined in the AER use different fishing gears and different mesh sizes and are as such not suitable to 
address this task. A further refinement was thus absolutely necessary if we needed to investigate the 
effect of mesh size increase and gear switch on economic performance, social issues, discards and 
stocks and the ecosystem. Therefore, the second option to use métiers was chosen and the idea to 
use AER fleet segments was abandoned.  
This choice allows a high degree of detail in introducing alterations to fishing gear and assessing the 
consequences. On the other hand, this choice highly complicates the collection of suitable data. The 
standard databases do not suffice and data have to be collected from a wide variety of sources and in 
some cases the data do not exist and have to be modeled or estimated based on expert knowledge. 
It is, however, the conviction of the project partners that this is the best choice for the aims of the 
project. It was thought to be better to include a high degree of detail and knowing the weaknesses 
than aggregating data and ignoring the weaknesses. The drawback of this approach is a delay in the 
progress of the work because of a cumbersome data collection and difficulties in standardizing the 
data. 
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For the quality control of the data retrieved from databases, data were presented graphically and in 
pivot tables in order to explore and trace errors. All data delivered by the project partners were 
checked for aberrations by the project coordinator.  
(Section B, C, D and E) 
1. Métier selection 
Tasks 
 Task finished 
2. For each métier, a list of statistics will be collected and presented in order to serve the 
further tasks in the project 
 Vessel characteristics:   task finished 
 Operational and gear characteristics:  task finished 
 Operational characteristics:   task finished 
 Product:     task finished 
 Organisational issues:   task finished 
3. Quality control 
 Task finished 
 
5.2 Task 1.2 Target species stocks 
The status of the stocks of sole and plaice in the North Sea (ICES area IV) is described based on work 
of the ICES Working Group on the Assessment of Demersal Stocks in the North Sea and Skagerrak 
(ICES, 2008).  
Summary 
(Section B) 
1. Description of the status of the stocks of sole and plaice 
Tasks 
 Task finished 
2. Quality control 
 Task finished 
 
5.3 Task 1.3 By-catch species stocks 
The status of the stocks of cod, whiting,, haddock, gurnards, brill, turbot, dab, lemon sole and 
demersal elasmobranches in the North Sea (ICES area IV) is described based on work of the ICES 
Working Group on the Assessment of Demersal Stocks in the North Sea and Skagerrak (ICES, 2008).  
Summary 
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(Section B) 
1. Description of the status of the stocks of by-catch species 
Tasks 
 Task finished 
2. Quality control 
 Task finished 
 
5.4 Task 1.4 Discards 
In this project it is the intention to determine the consequences of discarding in the sole and plaice 
fisheries in the North Sea by metier. Poor data and low resolution of data make this a cumbersome 
and time consuming task.  
Summary 
The discard data obtained from the observer schemes for the English fisheries were only available for 
5 of the 21 métiers. The scientists responsible for delivering the Belgian, Danish and Dutch data were 
very reluctant to deliver any data because there was still discussion on the raising procedure to be 
used. The project partners therefore considered the available discard data insufficient or unreliable 
and a more theoretical approach had to be chosen in order to maintain the same level of detail as for 
the other data. For this purpose an existing model was used that was refined and extended to meet 
the objectives of this project. 
(Section B, C, D and E) 
1. Assessment of commercial fish discards by métier in the North Sea 
Tasks 
 Task finished 
2. Quality control 
 Task finished 
5.5 Task 1.5 Selectivity 
Available literature on selectivity in trawl, beam trawl, demersal seine, gillnets and trammel nets 
have been collected. Literature on unaccounted mortality, ghost fishing, by-catch of marine 
mammals has been collected and reviewed. A database on the results has been established and 
selectivity definitions have been identified. A meta-analysis aggregates the recent data from the 
experiments listed in the inventory and provide selectivity estimates that apply at métier-level. The 
task will produce selectivity parameters. 
Summary 
(Section B, C, D and E) 
1. Literature review on selectivity 
Tasks 
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 Task finished 
2. Literature review on unaccounted mortality  
 Task finished 
3. Database 
 Task finished 
4. Meta analysis 
 Task finished 
5. Quality control 
 Task finished 
 
5.6 Task 1.6 Effects on commercial yields from the fishery 
Computer simulation has been used to evaluate scenarios of changing catch patterns for North Sea 
plaice and sole (Kell et al., 2007, www.flr-project.org). Further developing methods previously used 
(Catchpole, et al., 2007) we determine the utility of eliminating discards of plaice and sole (i.e. 
assuming that discarded fish are no longer caught) in enhancing the North Sea stocks of these 
species. The same method can also be used to forecast the effect of introducing different gears 
(métiers) (Task 4.2) once the catch patterns of those gears has been established.  
Summary 
(Section B, C, D and E) 
1. Development of methodology 
Tasks 
 Task finished 
2. Determination of effects on commercial yields 
 Task finished 
3. Quality control 
 Task finished 
 
5.7 Task 1.7 Review of other environmental impacts 
This task has been split up into three: 
Summary 
1. General considerations on benthic impact (Section F) 
2. A description of the impact by fishing method + wider ecosystem effects (Section F) 
3. Selection of criteria describing the impact by métier (Section B, C, D and E) 
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Environmental impact is a vague concept and needs clarification in relation to this project. In order to 
assess the benthic impact by métier, a number of parameters have been selected. A good measure 
indicating the severeness of benthic impact of mobile gears is a description of the physical impact. 
Since these gears, even with a very light groundgear, hinder the presence of erect and fixed living 
structures on the seafloor, “surface fished” is a good measure for the scale of trawling impact. Since 
mobile gears also penetrate into the sediment, “penetration depth” is a good measure to indicate 
how intense the impact is and which living creatures will be impacted. The “volume of displaced 
sediment” is a combination of both surface fished and penetration depth. For these three 
parameters, data have been collected. Further attention is paid to fish mortality for five selected 
species, ghost fishing, by-catch of marine mammals and by-catch of sea birds. A general parameter 
related to fuel consumption is CO2-emission. These parameters have been treated in the different 
results section of the report. For clarity a separate section (Section F) has been written focused on 
environmental impact. 
 
1. General considerations on benthic impact 
Tasks 
 Task finished 
2. Description of impact by fishing method 
 Task finished 
3. Selection of criteria 
 Task finished 
4. Data collection 
 Task finished 
5. Long term impact 
 Task finished 
6. Quality control 
 Task finished 
 
5.8 Task 1.8 Socio-economic assessment 
In order to evaluate the performance of the different métiers selected for this project, a number of 
parameters have been chosen to describe the socio-economics. The list is: 
Summary 
“Employment” (FTE), “total revenues”, “days at sea”, ”fuel price”, “fuel consumption”, “total fuel 
cost”, “labour costs” (crew share), “other variable costs”, “fixed costs”, “total costs” and the 
“required crew size”. Since these data cannot be retrieved from the AER, national data sources had 
to be queried.  
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The general approach was to retrieve data describing as closely as possible the reality of the métier. 
Some costs elements can be given quite accurately by métier. Other costs have to be estimated 
based on expert knowledge and for the rest the aggregated AER data have to be used.  
This general approach was used for each country, but since data sources are different by country, a 
description of the data retrieval is given in the Methodology section. 
The data are presented in Section B, C, D and E. 
1. Parameter selection 
Tasks 
 Task finished 
2. Data collection 
 Task finished 
3. Quality control 
 Task finished 
 
5.9 Task 2: Identification of the main problem areas by gear type 
This task has been concluded and is  treated in the results section of Section B. 
 
5.10 Task 3: Technical review of modified or alternative gears 
The project partners are very active in the field of alternative gears. Plenty of published and grey 
literature is available to produce data for this task.  
An extensive review of alternative fishing methods or alterations to existing gears has been written 
and added to the report as a separate document, i.e. Section G. 
 
5.11 Task 4: Prediction of effects of alternative gears  
The alternatives for the baseline fishery in 2006 have been treated in four different scenarios, i.e.: 
1. A general increase in mesh size for all gears (Section C) 
2. The introduction of the Sumwing (Section D) 
3. The replacement of the larger beam trawl by the flatfish pulse trawl (sole fishery) and the 
outrigger trawl (plaice fishery). (Section D) 
4. A replacement of all trawl with set nets (Section E) 
 
1. Identification of alternatives 
Tasks 
 Task finished 
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2. Data collection and scenario runs 
 Task finished 
3. Compilation of results 
 Task finished 
4. Quality control 
 Task finished 
 
Page 1 of 146 
 
Instituut voor Landbouw- en Visserijonderzoek 
 
www.ilvo.vlaanderen.be 
Wetenschappelijke instelling van de Vlaamse Overheid 
Landbouw en Visserij 
 
 
Draft final report 
- Section A:  Compliance with TORs, exec. summary and summ. by task 
- Section B: Description fleet targeting flatfish in the North Sea 
- Section C: Scenario 1 – general mesh size increase 
- Section D: Scenario 2 – reconversion to alternative fishing methods 
- Section E: Scenario 3 – reconversion to static gears 
- Section F: Environmental impact of fishing in the North Sea 
- Section G: Overview of possible alternative fishing methods in the 
North Sea 
 
Studies and pilot projects for carrying out the common fisheries policy 
Topic: LOT 3, Scientific advice concerning the impact of the gears used to 
catch plaice and sole 
Open call for tenders FISH/2007/7 
 
30 June 2010 
 
 
Contact person:  Hans Polet ILVO-Fishery 
Authors: Belgium Hans Polet ILVO-Fishery 
  Jochen Depestele ILVO-Fishery 
  Kris Van Craeynest ILVO-Fishery 
 Denmark Bo Sølgaard Andersen DTU Aqua 
  Niels Madsen DTU Aqua 
 Netherlands Bob van Marlen IMARES 
  Erik Buisman LEI 
  Gerjan Piet IMARES 
  Ralf Van Hal 
Katrine Soma 
IMARES 
LEI 
 UK Alex Tidd CEFAS 
  Thomas Catchpole CEFAS 
 
 
 
Page 2 of 146 
 
 
  
Page 3 of 146 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0. The flatfish directed fishing fleet in the 
North Sea as observed in 2006    
Page 4 of 146 
 
  
Page 5 of 146 
 
Table of content 
0. The flatfish directed fishing fleet in the North Sea as observed in 2006   ................................... 3
0.1 Methodology   ........................................................................................................................... 7
0.1.1 General   ............................................................................................................................ 7
0.1.2 Fact sheet   ........................................................................................................................ 8
0.1.3 Landings and métiers   ...................................................................................................... 9
0.1.4 Fishing effort  .................................................................................................................. 10
0.1.5 Landings and value   ........................................................................................................ 11
0.1.6 Operational costs and profit   .......................................................................................... 11
0.1.7 Fuel consumption   .......................................................................................................... 13
0.1.8 Employment   .................................................................................................................. 13
0.1.9 Technical data   ................................................................................................................ 14
0.1.10 Environmental impact data   ........................................................................................... 14
0.1.11 By-catch of marine mammals, seabirds and unaccounted mortality   ........................... 22
0.1.12 Mortality of non-commercial benthic species (epifauna and infauna)   ......................... 22
0.1.13 Discards   ......................................................................................................................... 22
0.1.14 Long term effects of discarding   ..................................................................................... 27
0.2 Results   ................................................................................................................................... 31
0.2.1 Fact sheet   ...................................................................................................................... 31
0.2.2 Landings and métiers   .................................................................................................... 32
0.2.3 Fishing effort  .................................................................................................................. 35
0.2.4 Landings   ......................................................................................................................... 38
0.2.5 Value   .............................................................................................................................. 43
0.2.6 Operational costs  ........................................................................................................... 44
0.2.7 Profit   .............................................................................................................................. 47
0.2.8 Fuel consumption   .......................................................................................................... 49
0.2.9 Employment   .................................................................................................................. 52
0.2.10 Technical data   ................................................................................................................ 54
0.2.11 Impact data   .................................................................................................................... 59
0.2.12 By-catch of marine mammals, seabirds and unaccounted mortality   ........................... 61
0.2.13 Mortality of non-commercial benthic species (epifauna and infauna)   ......................... 71
0.2.14 Stock status   ................................................................................................................... 74
0.2.15 Discards   ......................................................................................................................... 75
Page 6 of 146 
 
0.2.16 Long term effects of discarding, effects on commercial yields from the fishery   .......... 84
0.2.17 Geographical distribution of fleet activity   ..................................................................... 94
0.3 Discussion and conclusions   ................................................................................................. 100
0.4 References   ........................................................................................................................... 106
0.5 Annex 1 – Selectivity of the gears in the project   ................................................................. 110
0.5.1 Selectivity of Otter trawls and demersal (Danish) seines   ............................................ 110
0.5.2 Selectivity of gill and trammel nets   ............................................................................. 113
0.5.3 Survival of discards and escaping fish   ......................................................................... 114
0.5.4 Beam trawls - Netherlands   .......................................................................................... 116
0.5.5 Beam trawls - Belgium   ................................................................................................. 120
0.5.6 Twin trawls - Netherlands   ........................................................................................... 121
0.5.7 References   ................................................................................................................... 123
0.6 Annex 2   ................................................................................................................................ 127
0.7 Annex 3   ................................................................................................................................ 133
 
 
  
Page 7 of 146 
 
0.1 Methodology 
0.1.1 General 
The main aim of this project was to evaluate the environmental impact of fishing gears currently 
used to catch plaice and sole in the North Sea and to investigate the use of alternative fishing gears 
for the fisheries concerned. The general setup of the study was to identify the fisheries that are 
“problematic” based on a list of simple criteria. Based on this information three different scenarios 
with alternatives have been defined and analyzed following the same criteria and compared with the 
baseline fishery in 2006.  
In order to assist in assessing the possible consequences of management measures, this report 
presents four different scenarios based on technical and operational changes to the fleet. The 
information in the scenarios follows the template used to describe the baseline fishery in 2006 as 
presented in this part of the report. The scenarios were selected to address following demands: 
1. increase the yield and biomass of the stocks 
2. increase the fuel efficiency of the fleet 
3. increase the yield and biomass of the stocks, increase fuel efficiency and decrease 
environmental impact 
4. increase fuel efficiency and decrease environmental impact 
Many options are available and the choice has been based on expert judgment which inevitably 
holds a degree of subjectivity. Section G of this report gives an overview of possible alternatives for 
the traditional flatfish fishery. Following scenarios were selected: 
• Scenario 1:  a general increase in mesh size (Section C) 
• Scenario 2a:  introduction of the Sumwing (Section D) 
• Scenario 2b:  replacement of beam trawls with pulse trawls and outriggers (Section D) 
• Scenario 3:  a full conversion to static gear (Section F) 
This project did not allow analyzing many scenarios so small steps or transitional phases were not 
addressed. The selected scenarios are big steps representing a full transition. 
In order to evaluate the basic situation and to compare with the scenarios, a series of quantitative 
data have been collected such as: 
• Catch and effort data 
• Technical gear and vessel data 
• Socio-economic data 
• Operational data related to environmental impact 
• Discard data 
• Geographical distribution of effort 
The list of quantitative data collected is given in Table 0-1. 
Table 0-1: The list of quantitative data collected for further analysis 
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Fleet Sediment displacement/day (km³) Landings Other roundfish
Length class Total length set/year (km) Landings Crustaceans
Gear Crew/vessel Landings Rays & sharks
Mesh size Total operational costs (€) Landings Cephalopods
Days at sea/vessel Days fishing/vessel per year Landings Shells
Productive fishing hrs/day Fuel price (€/liter) Landings Pelagics
Effort (days at sea) Fuel consumption (l iter) Landings Other
Effort (kWdays) Total fuel cost (€) Value Sole
Avg. engine power (kW) Labour costs (€) Value Plaice
Towing speed (knots) Other variable costs PUE (€) Value Cod
Horizontal netopening (m) Fixed costs (€) Value Whiting
Type of groundgear Total operational costs/yr (€) 1 vessel Value Haddock
Number of tickler chains Total costs/yr (€) 1 vessel Value Other flatfish
Weight of gear (kg) Total operational costs/métier (€) 1 yr Value Other roundfish
Total length static gears set (m/day) Fuel consumption per métier (l iter) 1 yr Value Crustaceans
Soaking time(hrs/day) Total fuel cost (€) per métier 1 yr Value Rays & sharks
Surface swept/tow (km²) Labour costs per métier 1 yr Value Cephalopods
No. of tows/day Other variable costs (€) per métier 1 yr Value Shells
Surface swept/day (km²) Fixed costs (€) per métier 1 yr Value Pelagics
Static gear km*hrs/day at sea Landings Sole Value Other
Surface swept whole métier/year (km²) Landings Plaice Discards sole
Displaced sedim. whole métier/yr (km³) Landings Cod Discards pliace
Total fuel cons. whole métier/yr (1000 l) Landings Whiting Discards cod
Total CO2 production/yr (ton) Landings Haddock Discards whiting
Sediment penetration (cm) Landings Other flatfish Discards haddock  
Necessary information that could not be collected in a quantitative way was summarized in a 
qualitative way. This information comprises the effects of fishing on the benthic ecosystem and the 
effects on marine mammals and seabirds.  
A summary list of criteria (“Fact Sheet”) is given at the start of the results section for each scenario 
for the sake of easy comparison. This is followed by a series of graphs and tables with detailed 
information on the different vessel groups considered. For the presentation of the results, the 73 
métiers were grouped in:  
• three vessel length classes: <24m ; 24-40m ; >40m 
• eight fishing gear groups: GNS, GTR, OTB, OTT, OTX, PTB, SDN, TBB 
• four mesh size groups: 80mm ; 90mm ; 100mm ; 120mm 
 
Legend: 
OTB: single oter trawl OTX: outrigger or twin otter trawl GTR: trammel net SDN: Danish seine 
OTT: twin otter trawl GNS: set gillnet PTB: pair trawl 
 
TBB: twin beam trawl 
The parameter “member state” was not retained and the different nationalities were merged. This is 
because national management measures were not envisaged in this study. Fleet details like 
homeports of the vessels and catch handling were not recorded because of the low relevance to the 
aim of this study and the increased complexity due to the use of métiers. 
0.1.2 Fact sheet 
The fact sheet presents, in a very condensed form, the main criteria that give an idea on the 
performance and the impact of the whole sole and plaice fleet in the North Sea. The data cover that 
part of the North Sea fleet that has been selected in this project as being relevant for the sole and 
Page 9 of 146 
 
plaice stocks (see section 0.1.3) and the data have been summed over a full year. It contains the 
following data: 
• Landings data: the landings of the two target species, sole & plaice, and the total for all other 
species. 
• The value of the catch and the value for 1 kg of fish, averaged over all species. 
• Socio-economic data:  
o The sum of the days at sea and the sum of all person days . 
o The total operational cost, variable cost, crew share and fuel cost. 
o The break-even fuel cost 
• Ecological data:  
o The total fuel consumption and CO2 production . 
o The fuel needed to catch one kg of fish and the fuel needed to obtain a value of 
landings of 1 €. 
o The total surface fished (area swept) not taking into account that many fishing 
grounds are swept more than once a year. 
o Years to sweep surface equal to whole North Sea: this variable is a more intuitive 
representation of the former variable “surface fished” and should be used with 
caution because the actual surface impacted by the fishery is much smaller because 
many grounds are fished several times a year (Rijnsdorp et al. 1998, Piet et al. 2007). 
o Total displaced sediment. 
o Years to move 1cm top layer sediment of whole North Sea: this variable is a more 
intuitive representation of the former variable “displaced sediment”. 
o The total length of the set nets deployed in one year as the sum of total length in one 
day times days at sea. 
This fact sheet can be used for a quick assessment of the fleet and for a rough comparison with the 
three scenarios. 
0.1.3 Landings and métiers 
As a first step, the fleet using the gears catching sole and plaice had to be delimited together with the 
time frame for this study. Since at the start of the study in 2008, the datasets for 2007 were not yet 
completely available, it was decided to take 2006 as the base year for the study. In order to delimit 
the fleet relevant for the sole and plaice stocks, following criteria were used: 
• yearly sole & plaice landings > 5% of total landings (weight) 
• yearly sole & plaice landings > 5000 kg 
• vessels with lengths <10m (12m for NL) are excluded 
• small meshed fisheries (<30mm ) are excluded 
As a second step, this sole and plaice fleet had to be partitioned into groups allowing calculations 
needed to evaluate the different scenarios. Since the scenarios are based on “mesh size” and 
“alternative gears” on the one hand and since the data show that “vessel length” and “nationality” 
are important variables, métier level 5 was chosen as the level of detail to work with. This means that 
following detail was taken and was considered sufficient to reach the goals of the project: 
• country 
• vessel type 
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• length class 
• fishing gear 
• mesh size 
This choice allows a high degree of detail in introducing alterations to fishing gear and assessing the 
consequences. On the other hand, this choice highly complicates the collection of suitable data. The 
standard databases do not suffice and data have to be collected from a wide variety of sources and in 
some cases the data do not exist and have to be modeled or estimated based on expert knowledge. 
It is, however, the conviction of the project partners that this is the best choice for the aims of the 
project. It was thought to be better to include a high degree of detail and knowing the weaknesses 
than aggregating data and ignoring the weaknesses. The drawback of this approach is a delay in the 
progress of the work because of a cumbersome data collection and difficulties in standardizing the 
data. 
Belgian, Danish, Dutch and English data were collected for further use in the project. French and 
German landings data were analyzed to check the relevance for this project. None of the métiers in 
the French and German list exceeded the criteria set for relevant métiers in the North Sea flatfish 
fishery and it was decided to not further address the French and German fishery. The Scottish fishery 
has not been included in the study as well but clearly has a much larger part in the North Sea 
fisheries compared to France and Germany, although the importance for the flatfish fisheries is 
rather low. Especially for sole the Scottish fishery has a low share of the landings with all but one 
métier having almost zero landings. One métier takes a 3% share of the total North Sea sole landings, 
i.e. TBB 80mm (all vessel lengths combined). The plaice landings by the Scottish fleet are higher with 
a maximum share of the total North Sea landings of 6% for the fleet TBB 100mm (all vessel lengths 
combined) and 3% for TBB 80mm and TBB 120mm. These TBB fisheries have similar characteristics as 
the other beam trawl fisheries in the North Sea – many Scottish beam trawlers are Dutch owned – so 
it was decided not to include these vessels in the study because of the high effort needed to obtain 
Scottish data and the very low added value. The other Scottish fishing gear groups (OTB, OTT, GNS, 
SDN) are not relevant for this study because of the negligible landings of sole and plaice. A 
generalization of the Belgian, Danish, Dutch and English results was thus deemed reliable. 
Data sources 
i. STECF database 2006 
ii. National fisheries statistics 
0.1.4 Fishing effort 
Fishing effort data were collected from the STECF database. The standard unit to express effort in 
this project was “kWdays“. An alternative unit was “days at sea”. 
The data have mainly been presented in a relative way in order to illustrate the relative importance 
of the different length groups, the fishing gears and the mesh sized used in the fishery. 
Data sources 
i. STECF database 2006 
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0.1.5 Landings and value 
Landings data were retrieved from the STECF database and the national statistics and were 
expressed as kg landed by species or value of the landings in Euro. For the sake of brevity, only the 
five most important species were kept at species level and the others were grouped. The following 
species and groups were used: 
• By species: sole, plaice, cod, whiting, haddock 
• In groups: other flatfish, other roundfish, crustaceans, rays and sharks, cephalopods, shells, 
pelagic and other. 
Data sources 
i. STECF database 2006 
ii. National fisheries statistics 
0.1.6 Operational costs and profit 
Since the aim of this project is to evaluate fishing methods as an activity at sea, only operational 
costs were taken into account and depreciations and interests were left out of the equation. 
However, these costs may contribute to a large extent, e.g. in cases of transition from towed gears to 
static gears (Scenario 3 in Section E). The transitional costs have been addressed in the Scenarios. 
 
Economic data for 2006 are available per fleet segment from the Annual Economic Report (AER). This 
data is collected by voluntary submission of yearly accounts by a number of fishing companies. The 
data required for the project should be on a métier basis for the North Sea only (most Belgian vessels 
operate in different areas over the year). 
Belgium 
To enable conversion of the AER data from a segment to a métier basis, additional information was 
used: 
• Landing (amount and composition) and effort (days at sea) data are available on a trip and 
area basis (and can thus be aggregated for a given métier in the North Sea). 
• There is knowledge from national research projects on the relative fuel costs associated with 
operating different fishing gear (métiers). 
For conversion of the AER data from a segment basis to a métier basis the following approach is 
used: 
• Landing data per area and métier and average fish prices (per species) are used to split up 
revenues per segment.  
• Relative fuel consumption per gear and effort per gear are used to split up fuel cost per 
segment. 
• Other costs (labour, capital and other) and economic indicators are divided on an effort 
basis. 
In following this approach, economic indicators can be calculated for each métier in the North Sea 
(2006). 
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Closer inspection of the economic data per segment in the AER showed some other issues. The 
relative cost structure reported for three segments (demersal trawl, large beam trawl and passive 
gear) is very similar. It seems that no accounts were submitted for demersal trawl and passive gear in 
2006 and that the costs reported for both segments were calculated on the assumption of a similar 
cost structure to the large beam trawl segment (the different costs were calculated based on an 
equal share in the total revenues). To overcome this issue, different approaches were used for both 
segments: 
• Accounts for 2006 are available in the institute for the entire passive gear segment, these can 
simply be aggregated on a segment level. 
• Accounts for 2005 and 2004 are available for part of the demersal trawl segment. From 
these, cost structures (proportion of different costs in total revenues) will be derived and 
applied to the 2006 revenues (taking into account possible fuel price evolutions). 
Economic cost and income information for the Danish fishing fleet for 2006 have been collected from 
the official annual Danish accounting statistics, which still are based on the entire Danish fleet, but 
are segregated into gear and length classes. Data for those gear groups and length classes that cover 
the defined fleet segment for the North Sea flatfish fishery have been collected. For those fleet 
segments where more than one segment from the accounting statistics is represented the mean 
values have been used. 
Denmark 
In most fleet segments, vessels are active in different métiers. In order to be able to distinguish 
between costs of different gears, the data have been aggregated from individual trip data of the LEI 
panel, a sample of about 25% of the Dutch fleet. Note that one vessel can be active in different 
métiers, but not all vessels of a fleet segment are necessarily active in all métiers.  
The Netherlands 
Adjustments of gears are expected to have an effect on economic results mainly through fuel costs 
and crew costs and (possibly) other variable costs. Therefore variable costs have been split into these 
three categories, in order to be able to calculate the effects of adjustments of gears on the economic 
results of each of the métiers. Adjustments of gear will of course also have an economic impact 
through their impact on gross earnings. 
Moreover, changes in economic results per métier will be linked to economic results of the fleet 
segments through the proportion of days at sea of the métier in the days at sea of the total fleet 
segment. 
United Kingdom 
Economic cost and income information for the English fishing fleet for 2006 have been collected from 
the official national statistics through the Seafish Industry Authority and from Anderson et al. (2006). 
For each country, the economic cost data were grouped as follows: 
• Fuel price (€/liter) 
• Fuel consumption PUE (liter/day fishing) 
• Total fuel cost (€) per day 
• Labour costs (crew share) per day at sea 
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• Other variable costs PUE (€) per day at sea 
• Fixed costs (€) per day at sea 
The fixed costs only comprised the financial costs, i.e. interest and depreciation. The other 
“traditional” fixed costs were classified under “Other variable costs”.  
The profit variable was defined as the value of the landings minus the operational costs. 
Data sources 
i. National fisheries statistics 
ii. Anderson, J., Curtis, H., Stewart, A. and McShane, H., 2006. Economic Survey of the UK Fishing Fleet. Seafish 
Industry Authority Report ISBN 978-1-906634-03-2.  
iii. AER 
0.1.7 Fuel consumption 
The fuel consumption data have been retrieved from the national statistics, added with information 
from the ESIF project and unpublished data from the fisheries institutes. 
In order to calculate the fuel parameters, the numbers have been totaled by each different grouping 
in the graphs before calculating the parameter. As such, e.g; for fuel per kg landed fish by vessel 
length, total fuel consumption and total landings were added up for each of the length classes and 
then divided in order to get “liter/kg fish”. 
Flanded weight = Σ Fvessel length * Σ L
F
vessel length 
landed weight  
F
= Fuel consumption by landed weight 
vessel length  = 
L
Fuel consumption by vessel length group 
vessel length  
In order to know the dependence on fuel, the break-even fuel cost is calculated which is the fuel cost 
at which profit for the fleet becomes zero. 
= Landings by vessel length group 
 
i. National fisheries statistics 
ii. ESIF: FISH/2006/17 "Energy efficiency of fishing operation by the Community fishing fleet" 
iii. Unpublished data 
0.1.8 Employment 
Employment data have been retrieved from national statistics, Anderson et al. (2006) and 
unpublished data. 
The employment data are presented as: 
1. Crew per vessel as an average over the length and gear groups 
2. Total person days as the sum in the length and gear groups 
3. Person days per unit of landed value, by different groupings as: 
Evalue = Σ Pdays
E
 / Σ V 
value 
P
= Employment per unit of landed value 
days = 
V
Person days 
   = Value of the landings 
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Data sources 
i. National fisheries statistics 
ii. Anderson, J., Curtis, H., Stewart, A. and McShane, H., 2006. Economic Survey of the UK Fishing Fleet. Seafish 
Industry Authority Report ISBN 978-1-906634-03-2.  
iii. Unpublished data 
0.1.9 Technical data 
Technical fishing gear data have been collected by the project partners from a wide variety of 
sources, mainly fishermen and net makers, i.e. data straight from the up-to-date fishing practice. 
These data are stored in the project database and a summary is presented in the Results section of 
this report. The list of data can be found in Table 0-1. 
An update has been made of the selectivity of the gears studied in this project. 
In Annex 1- Selectivity of the gears in the project, an overview is given of the data available, including 
very recent selectivity data with modern cod-ends and mean selectivity parameters are presented. 
The selectivity parameters used in the project are presented in the Results section. 
0.1.10 Environmental impact data 
Benthic impact of fishing is mainly caused by the interaction, i.e. physical contact, between the 
fishing gear and the seafloor. The parameters holding most relevant information are the surface 
fished and the penetration depth. The combination of both give the volume of sediment displaced. 
Those three parameters were selected to 'visualize' the impact. 
1. Surface fished (SF) (km²) 
 SF = hno * s * t 
 hno:  horizontal net opening 
 s:  towing speed 
 t: time fishing 
2. Average penetration depth (cm); see Section 0.1.10.1 
3. Sediment displaced (SD) (km³) 
Many other factors play a role in the degree of impact and the consequences for the benthic 
ecosystem, a.o. the type of sediment, the dynamics of the physical environment and the nature of 
the benthic community. The complexity of the issue does not allow to quantify or describe in a brief 
way the nature of ecosystem effects of fishing. Therefore, the three above mentioned parameters 
were used to present information that can be used to assess possible impacts in certain 
environments, which can only be done with specific knowledge of the fishing situation. For more 
detail and background on the environmental impact of fishing we refer to Section F of this report.  
The technical data (see Section 0.1.9) collected in this project, mostly up to date information 
collected in the field, like distance between the doors, the different gear parts in contact with the 
seafloor and their penetration depth, towing speeds etc. were used to calculate the three 
parameters. Surface fished and sediment displaced are straightforward to calculate but average 
penetration depth is a more complex measure open for discussion. The latter is discussed in more 
detail in the next section.  
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0.1.10.1 Penetration depth of selected fishing gears 
The loss of habitats is an important parameter in the assessment of environmental impacts. This is 
well reflected in international and national legislation, such as the EU Habitats Directive (92/43/EEC) 
amongst others (ICES, 2009). As sole and plaice are bottom dwelling species, in close contact with the 
seafloor, all commercial bottom fishing for sole and plaice potentially impact the seabed. The impact 
of physical contact of bottom trawls affects biological communities (e.g. Kaiser et al. (2006), 
Schratzberger et al. (2009)) as well as the chemical (e.g. Dounas et al. (2007) and physical 
environment (e.g. Fonteyne (1999), Løkkeborg (2005)). All of those parameters constitute a habitat. 
This section only focuses on the physical part of a habitat. 
A quantitative evaluation of the physical impact is attempted by the selection of a parameter, which 
can be easily quantified for all fishing gears. Short-term effects of bottom trawling are well 
investigated. Otter trawls and beam trawls are likely to have different physical impacts on the sea 
bed owing to their different catching principles. The most noticeable physical effect of otter trawling 
is the furrows (up to 20 cm deep) created by the otter boards or trawl doors, whereas other parts of 
the trawl create only faint marks. Beam trawling causes a flattening of irregular bottom topography 
by eliminating natural features such as ripples, bioturbation mounds and faunal tubes (Løkkeborg, 
2005). From this review, there clearly are different indicators for the characterization of physical 
impact, e.g. penetration depth, measures for the flattening of seabed structures, changes in 
roughness and hardness, etc. (e.g. Linnane et al. (2000a), Humborstad et al. (2004)). However, these 
effects are not well described for each of the fishing gears in this project, e.g. for fly-shoot fisheries, 
nor for each of the components of a bottom trawl. The effects of the roller clump of a twin trawl for 
instance are still under investigation (e.g. Ivanovic et al. (2008)). In this respect, even methodologies 
are under continuous improvement (e.g. Humborstad et al. (2004), O'Neill et al. (2009)). Therefore a 
fully quantitative assessment cannot be based purely on peer-reviewed research, nor on a selection 
of a wide range of parameters for the physical impact.  
However, as physical impact is important to quantify as a pointer for the disruption of habitats, a 
quantitative approach is taken, mainly based on peer-reviewed papers, but partly also on expert 
judgement. One parameter prompted as a good indicator for physical disturbance, namely 
penetration depth. This parameter is reliably quantified for trawl gears, whereas for the other 
selected gears, a well considered expert judgement can be drawn. 0.1.10.1.1 General formula for the calculation of penetration depth for a gear 
The penetration depth of all different métiers needs to be characterized in a uniform way to allow for 
a thorough comparison. The penetration depth of different gears depends on the pressure each of 
the gear components exert on the seabed and on the substrate. The effects of different substrates 
are not taken into account. Results from the individual studies are inferred to the level of the North 
Sea. This extrapolation is justified as only limited information on this criterion is available. It is as well 
assumed that studies on penetration depth take into account the substrates where the investigated 
gears “usually” fish. For beam trawls for instance, a distinction is made between beam trawl with 
chain mat and beam trawls with tickler chains. The former mainly fishing at rough grounds, whereas 
the latter are designed to fish in sandy substrates. The different components of a fishing are 
nevertheless part of the calculation of the penetration depth of a particular gear. The penetration 
depth of a particular gear is composed of the penetration depth of this gear component and its 
actual share in the disturbance. In other words, the penetration depth of each fishing gear 
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component is weighted by the width of the component in relation to the complete width of the 
fishing gear. In general terms, the penetration depth of gear is given by formula (1). 
Pgear = Σ (Pi * Wi) / Σ Wi 
 Where P
(1) 
gear
  P
 = Penetration depth of the complete fishing gear (cm) 
i
  W
 = Penetration depth of a gear component i (cm) 
i
The values for penetration depth are based on peer-reviewed scientific research, project results or, if 
no other information is available, on expert knowledge. These values are equal for each country, 
whereas the total width of the gear can differ from one country to another. The share of the otter 
boards, the ground gear and the sweeps in the width of the total gear is on the other hand, based on 
a “generalized” gear. The penetration of an otter board for instance is the same in Denmark as in the 
Netherlands, whereas the width of the gear differs. The next chapter will explain these values for 
each métier. 
 = Width of the gear component (m) 
0.1.10.1.2 Calculation of the penetration depth for each métier 
The physical contact of a beam trawl with the seabed is split up in the contact by the trawl shoes and 
the chain mat or tickler chains. Penetration of a trawl shoe is similar for all beam trawls. Paschen et 
al. (1999) estimates the trawl shoe penetration between 4 and 8cm (~6cm on average), based on an 
exerted pressure of at least 1,7N/cm² (Fonteyne, 2000), depending on vessel motion, sediment, etc. 
The trawl heads exert a pressure roughly ranging between 1 and 4 N.cm
Penetration depth of beam trawlers, operating beam trawls 
-2
 
 (Fonteyne, 2000; Paschen 
et al., 2000). The pressure from the tickler chains or chain matrix elements is substantially lower than 
that exerted by the trawl heads, in the order of 0.5 N.cm-2 (Paschen et al., 2000), although the area 
covered is significantly greater. The penetration of the chains into the sediment, and hence the 
amount of physical disturbance caused by the beam trawl, depends on the weight of the gear, 
towing speed and sediment type. Reported values vary between 3 and 17mm. On soft muddy-sand 
bottoms, the gear will typically penetrate to a depth of around 6 cm. (Lindeboom & de Groot, 1998a; 
Duplisea et al.,2002. Blom (1990) reports a penetration depth of 1 chain of "a few" cm, therefore, we 
use the value of 3 cm in our calculation (as there are multiple chains). Tickler chains penetrate 
deeper into the sediment than chain matrices  (Moore and Jennings, 2000) and generally beam 
trawls with a chain mat are used on a rougher ground and therefore penetrate less deeper: tickler 
chains penetrate up to 10% deeper (Polet, pers. comm.). A chain mat will therefore have a 
penetration depth of 2.0cm (= [(0.3+1.7)/2 + 3] /2), and when tickler chains are used, the penetration  
depth is 10% deeper (2.2cm). The weighted penetration depth is the highest for a 4m beam trawl 
with tickler chains (2.708cm) as trawl shoes have a large share in the width of the gear compared to a 
12m beam trawl (2.607cm) and as tickler chains penetrate deeper than a chain mat (2.602cm for a 
4m trawl and 2.265 for a 12m trawl).  
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Fig. 0-1 - a beam trawl with chain mat (left) and with tickler chains (right)  
 
Table 0-2 – The penetration depth of beam trawling, taking the penetration depth of the individual 
components and their relative width in relation to the total width of the gear into account. 
 Penetration depth (cm) Width (m) Penetration 
depth of the 
gear (cm) 
Trawl shoe Groundgear 4 trawl shoes Groundgear 
for 2 trawls 
4m beam trawl 
(chain mat) 
6.0 2.0 1.08 7.0 2.602 
4m beam trawl 
(tickler chains) 
6.0 2.2 1.24 7.0 2.708 
12m beam trawl 
(chain mat) 
6.0 2.0 1.56 21.0 2.265 
12m beam trawl 
(tickler chains) 
6.0 2.2 2.52 22.0 2.607 
 0.1.10.1.3 Penetration depth of demersal trawls (outrigger, single, twin and pair trawls) 
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The gear components of a demersal trawl are (1) otter boards, (2) sweeps, (3) the ground gear and 
(4) a roller clump for twin trawls.  
 
Fig. 0-2 – the basic components of an otter trawl ©FAO 
The penetration depth of otter boards is reported in several studies. We have averaged their results 
as a proxy for penetration depth of an otter boards used for the demersal trawls in our métiers. This 
averaged value is 8.4cm [=(1 + 5 + 6 + 10 + 20) / 5 ] (Brylinsky et al., 1994; Humborstad et al., 2004; 
Løkkeborg, 2005; O'Neill et al., 2009). It must be taken into account that these values are proxies. 
The penetration depth depends on the weight and performance of the doors (type, angle of attack, 
speed) and on sediment grain size and hardness, being deeper in mud than in sand  (Churchill, 1989; 
Krost et al., 1990; Tuck et al. (1998)). A generally held view is that trawl doors inflict more damage 
per unit area of seabed than other gear components although the footgear sweeps a larger area 
(Gilkinson et al., 1998). The sweeps are not expected to penetrate the seabed, although they can 
flatten the topography. Therefore a value of 0.1cm has been attributed to the sweeps. Depressions 
probably resulting from rollers attached to the foot rope of otter trawls may penetrate to a depth of 
2-5 cm (5NSC, 1997; Linnane et al., 2000a). Half of the footrope consists of rollers (penetration 
between 2 and 5cm) and half of the width is expected not to penetrate the surface. An approximate 
penetration depth of 1.8cm is used, namely the average of (0+2)/2cm and (0+5)/2cm. Twin trawls 
have an extra gear component, the roller clump, which penetrates on average 9.7cm [= (7+10+12)/3] 
(Cotterell and Stevens, 2007; O’neill et al.,2009).  
The penetration depth of the demersal trawls depends largely on the width of the different gear 
components and the total spread of the gear. The total spread of the gear differs from country to 
country, but for the width of each gear component, the same ratio has been used over the different 
countries. These ratios are depending on the métiers and are represented in the example for 
Belgium. For outrigger trawls, the area fished by the ground gear, is set to 80% with a given spread 
between the doors of 8m for outrigger trawls of small beam trawlers and 16m for outrigger trawls of 
large ones (Vanderperren, 2008). The width taken by 1 otter board is 0.5525m [(=30+85)/2]. For a 
twin trawl operated from a large beam trawler, the experimental values were used (Vanhee, 2008), 
which result in a door spread of 185m and a width of the ground gear of 29m. 
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Table 0-3- The penetration depth of demersal trawling, taking the penetration depth of the individual components and their relative width in relation to the total width 
of the gear into account. This example is applicable to Belgium, but the same ratios of width of different gear components are used for Denmark, the Netherlands and 
the UK. 
 Penetration depth (cm) Width (m) Penetration 
depth of the 
gear (cm) 
Otter 
boards 
Sweeps Groundgear Clump Otter 
boards* 
Sweeps Groundgear Clump 
2 outrigger trawls, 
operated from a large 
beam trawler (>24m) 
8.4 0.1 1.8 9.7 2.3 6.4 25.6 / 1.888 
Twin trawl, operated 
from a large beam 
trawler  (>24m) 
8.4 0.1 1.8 9.7 1.2 127.0 58.0 0.6 0.693 
Twin trawl, operated 
from a stern trawler 
(>24m) 
8.4 0.1 1.8 9.7 1.2 62.2 47.8 0.6 0.941 
Demersal trawl, 
operated from a stern 
trawler  (>24m) 
8.4 0.1 1.8 9.7 1.2 42.4 40.6 / 1.010 
* The width of an otter boards is the same for all gears (as a proxy), but the number of otter boards used are not, e.g. 4 otter boards for outrigger trawling, 
whereas only 2 for twin trawling. 
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For demersal trawls, towed from the stern of otter trawlers, the area between the doors is a given 
experimental value (data from each country). The ratio which gives the width of the sweeps and of the ground 
gear, is taken from the ratio reported by Sangster and Breen (1998), namely 40.6m for the ground gear, 83m 
for door spread, which results in 42.4m for the width of the sweeps. For a twin trawl, the width of the ground 
gear is 47.8m [(=40+55.6)/2], which is the average of the values reported by Sangster and Breen (1998), 
Graham and Kynoch (2001) and Graham et al. (2003). The door spread is 110m [=(100+120)/2], which results 
in a width of 62.6m for the sweeps (Sangster and Breen, 1998; Graham and Kynoch, 2001; Graham et al., 
2003). As exact values are not retrieved, the ratios reported by Sangster and Breen (1998), Graham and 
Kynoch (2001) and Graham et al. (2003) are used as an approximation for single and twin trawls operated 
from the stern, for all countries. For a pair trawl, the width of the ground gear is assumed the same. However, 
the width of the sweeps is not. This is calculated from the “door” spread, i.e. the spread between the end 
parts of the sweeps. This spread is 250m [= (200+300)/2], which implies a “door” spread of 209.4m (=250-
40.6). The sweeps are heavier to keep them better on the ground, at least for a distance of 225m 
[=(150+300)/2] (Seafish, website 19 November 2009). This penetration depth is set to 0.4cm, whereas the 
penetration depth of the lighter part of the sweeps is the same as for sweeps of a single trawl. 0.1.10.1.4 Penetration depth of demersal seines 
The gear components in physical contact with the seabed are the sweeps and the ground gear. The 
penetration depth and the width of the ground gear is approximately the same as for an otter trawl. The 
width fished by the sweeps is approximated by assuming that the fished area of a demersal seine has a 
circular shape with a fished area of 3.4km², which implies a diameter of 2.0806km. The penetration depth is 
assumed to be the same as for an otter trawl, namely 0.1cm. The width of the ground gear is 16m with an 
penetration depth of 1.8cm, similarly as for otter trawls. The average penetration depth of the total fishing 
gear is therefore 0.113cm (= [(0.1cm*2080.6m)+(1.8cm*16m)] / [2080.6m*+16m]). 
 
Fig. 0-3 - The gear components of a demersal seine are the ground gear of the net and the sweeps © modified from 
Galbraith and Rice (2004) 0.1.10.1.5 Penetration depth of static gear 
There is a great variation in static gears used, e.g. Guitton et al. (2003); Depestele et al. (2008). A generic 
static gear for catching sole and plaice is used in this approach. The gear components in contact with the 
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seabed are the anchors and the leadline (Fig. 0-3). To the best of our knowledge, the penetration depth of a 
gill net has not been investigated and published. Therefore the impact has been estimated by an expert 
judgement. The anchors have a minor impact on the seabed, with a penetration depth of 2mm, whereas the 
leadline hardly penetrates the seabed (penetration depth of 0.1mm). The width disturbed by 1 anchor is 0.3m 
and the assumption is that there are 4 anchors over a distance of 1000m. The width of the leadline is 2cm for 
a distance of 998 per 1000m net. This results in a penetration depth of 0,012cm for 1000m net = 
[(0.002m*(0.3*4)m] + [0.00001m*(0.02*998)m] / [(0.3*4)m + (0.02*998)m]. 
 
 
Fig. 0-4 – the gear components of a “generic” gill net, in contact with the seabed are the anchors and the leadline. © 
http://www.miseagrant.umich.edu/nets/images/gillnetlg.gif 
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0.1.11 By-catch of marine mammals, seabirds and unaccounted mortality 
A review is given in the results section. 
0.1.12 Mortality of non-commercial benthic species (epifauna and infauna) 
A review is given in the results section. 
0.1.13 Discards 
Discard data are available from observer programs, for which observers join a single trip of a commercial 
vessel and sample the discard fraction of the catch. For these programs it is impossible to join each individual 
fishing trip as funds and manpower are not sufficient. The main observer program delivering data for the in 
this project chosen métiers in the North Sea is the Dutch program sampling the large beam trawlers with 
80mm mesh size. In 2006, only 9 of these trips spread over the year were sampled. Also a single trip of a 
bottom otter trawler with mesh size 80mm was sampled (van Helmond and van Overzee, 2007). The observer 
program in 2006 showed that the major fish species in the discards were dab (Limanda limanda) and plaice 
(Pleuronectes platessa). The percentage plaice discards for the beam trawlers was on average 86% of the total 
catch in numbers and 54% in weight. For the bottom otter trawler the percentage plaice discards was 74% in 
numbers and 46% in weight. The percentage discards for sole was on average 29% in numbers and 13% in 
weight for the beam trawl vessels and less than 1 kg sole per hour was discarded by the otter bottom trawl.  
These values are a good indication of the discard practice in these métiers especially because they were in line 
with the values of earlier years. However, it must be realized that the discard percentage depends on the time 
of fishing (summer, winter) and the location of the fishing activity (coastal, offshore, rocky sediment or sandy 
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bottom etc.) and that with only 9 trips sampled this variation in discards is not thoroughly sampled. 
Furthermore only a single year is used (2006), and the discard percentage depends on the recruitment of the 
years before. A good year class will increase the discard percentage in the following years, depending on the 
time it takes this species to grow above the minimum landing size. Especially, the low number of trips 
sampled limits their use for estimates of the total North Sea discards, which would be comparable to the total 
landings. Therefore in this project, the discards have been presented according to three different methods, 
each with its advantages and disadvantages, i.e.:  
- the ICES Working Group data, not split up into métiers or even fleet segments due to limited coverage 
- a simulation based on landings and gear selectivity for each métier 
- a model for the discards by each individual métier (Piet et al., 2009); the same model  is used to 
estimate the discards in the adopted scenarios.  
Note that the discard data that are based on simulation should only be used for comparing the different 
scenarios in this project. 
0.1.13.1 Method 1 
The baseline data used for the purposes of the project was the 2007 ICES assessment data. Landings and 
discards at age data for countries not involved was supplied by the appropriate stock file managers and were 
subtracted from the estimated working group totals by species and age. Only total numbers landed and 
discarded by the whole fleet are presented. Further detail could not be obtained due to the scarceness of the 
data and doubts on raising procedures in the working groups. 
0.1.13.2 Method 2 
Working at métier level causes a number of problems, especially when it comes to availability of data. One of 
the main concerns in the project is obtaining discard data. Discard data are only available for a limited number 
of métiers. On top of that, the coverage of the EU discard sampling program is low, i.e. around 1% whereas 
the recommended coverage is 15%. Consequently, working with discard collected at sea in the frame of the 
DCR is not reliable and does not produce a sufficient dataset. 
An alternative way is possible based on the landings and the selectivity parameters of the different fishing 
gears. 
The basic data needed are: 
1. The length frequency distribution of the population of a certain fish species by ICES statistical 
rectangle in the North Sea. 
This information is available in IMARES for 1998-2006.  
2. The selectivity of the different gears used by the métiers selected for LOT3 
See Section 0.2.10. 
3. Fishing effort by métier and by statistical rectangle 
This information has been retrieved from the national statistics.  
The start of the simulation is the length frequency distribution of the fish by statistical rectangle, i.e. absolute 
numbers present at length. The selectivity data are inserted based on a logistic model and the no. of escapees 
and no. of fish in the catch are calculated. From this catch the undersized fish are considered as discards. 
Next, information should be added on high grading (% discarded by length class) and the sized catch is 
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subdivided in discards due to high grading and landings. This process is presented in Fig. 0-5. Unfortunately, 
no information on high grading in 2006 was available. 
 
Fig. 0-5 – Schematic representation of the catching process 
The landings are converted from no.s at length to weight at length based on a length-weight relationship 
available at IMARES.  
Total observed landings and effort by métier in the North Sea are retrieved from the project database 
together with the relative effort in each statistical rectangle. From this, the total landings for this métier are 
calculated for each statistical rectangle. Based on the simulated landings and discards (Fig. 0-5) a raising factor 
is calculated to raise the calculated discards to total discards for the rectangle.  
 
 
Doing this for each rectangle and summing up, gives the discards for the North Sea, as no.s at length or weight 
at length. 
0.1.13.3 Method 3 
The method used to model the discards is the method presented by Piet et al. (2009). They used an on survey-
catches based spatially explicit (by ICES-rectangle) estimate of the total demersal fish community (total 
numbers by species and length) (Fraser et al. 2007). On top of these estimates of fish abundance a model was 
set using realistic effort of beam trawlers and otter bottom trawlers along with gear specific catchabilities. 
The model calculates spatial explicit catches (landings and discards) of the total demersal fish community.  
In this project, the model is extended to incorporate more métiers; static gears are included and the otter and 
beam trawlers are split up in smaller métiers (Table 0-4). Effort of these métiers comes from the data 
collected in this project. For the estimate of the total fish abundance the same method is used as in Fraser et 
al. (2007), which is done using the haul by haul catches of the Dutch Beam Trawl Survey (DBTS) and the 
International Bottom Trawl Survey (IBTS). As shown by Fraser et al., 2007, a certain number of hauls per ICES-
rectangle is needed, therefore multiple years of survey data (2003-2006) were used to estimate the total fish 
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abundance. The survey catches of these years were compared to the VPA output of the same years based on 
the assessment reports of 2008 (ICES, 2008).  
Table 0-4: the different trawl métiers distinguished in the model, with the characteristics of the gear. Width and height 
are in meters, speed is in nautical miles per hour and fishing day means the actual fishing hours per fishing day.  
Gear Specification Width Speed Height Fishing day 
Beam trawl 12-24m 8 4 1 20 
Beam trawl 24-40m 22 5.5 1 20 
Beam trawl >40m 24 6.5 1 20 
Beam trawl Belgium chain 22 5.3 1 20 
Otter trawl OTB <24m 17 3.3 5 18 
Otter trawl OTB >24m 40 4.5 5 18 
Otter trawl OTT <24m 60 3.3 5 18 
Otter trawl OTT >24m 90 3.3 5 18 
Otter trawl OTX <24m 14 3 5 18 
Otter trawl OTX >24m 30 3.5 5 18 
 
Table 0-5: the different static métiers distinguished in the model. Net length in kilometers, surface is in km2
gear 
 and 
straight is the percentage of the nets set in a straight line. It is assumed that about 50% of GRT >18m are set around 
wrecks or other objects in that case only half of the Net length is effectively used. The surface is calculated as an oval 
round the net with a radius of 100meter (the distance assumed the traveled by each fish in an hour. This is freely 
interpreted from He (2003). 
specification Net length Surface % straight Fishing day 
Static GNS <18m 20 4.031416 100 12 
Static GNS >18m 28 4.231416 100 18 
Static GRT <18m 14 2.831416 100 21 
Static GRT >18m 19 2.881416 50 21 
 
For each of the métiers data on mesh size specific cod-end selectivity was gathered and used in the model 
(see Section 0.2.10). For the trawl nets a logistic curve is used to describe the relationship between the length 
of a  fish and the proportion of fish entering the net that is retained in the cod-end (Casey, 1996). The values 
of L50 and L25 are the lengths (cm) at which 50 and 25%, respectively, of the fish entering the net are 
retained. L50 and L25 are calculated from the selection factor (SF) and selection range (SR), together with the 
mesh size M (cm) (Wileman, 1992; Wileman et al., 1996): 
Besides the cod-end selectivity also factors for the efficiency of each individual gear were used. Those for the 
trawled gears were loosely based on the values in Piet et al. (2009, table 2). We started the modeling with the 
values as in Piet et al., 2009, using the same values for the new métiers. Model parameters were tuned for 
landings to match actual reported accumulated values from the logbooks. For this purpose, the factors of gear 
efficiency were changed, within reasonable limits. For example Piet et al reported a footrope efficiency of 1 
for the beam trawlers, however, here we assume a lower efficiency for the lighter beam trawl of 0.9 for the 
smaller flatfish. In a similar way the other values are adjusted (  
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Table 0-6). The values of the static gears are assumed based on best guess and slight adjustment owing to the 
tuning process.  
Data for SDN have not been modeled. For the overall calculation of discards, SDN data have been taken from 
Method 2. 
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Table 0-6: Overall factors for the gear efficiency. Start values were the data in Piet et al. (2009), which are adjusted by 
visually tuning the catches to the landings. For all otter trawl métiers the same values are used, which is also the case 
for all static gear métiers. F are the values for all other flatfish and R are the values for all other roundfish.  
  Sole Sole Plaice Plaice F F Cod Cod R R 
gear specification small large small large small large small large small Large 
Beam trawl 12-24m 0.684 0.76 0.684 0.76 0.684 0.76 0.19 0.19 0.19 0.152 
Beam trawl 24-40m 0.342 0.4275 0.684 0.76 0.684 0.76 0.19 0.19 0.19 0.152 
Beam trawl >40m 0.72675 0.95 0.72675 0.95 0.72675 0.95 0.25 0.25 0.19 0.152 
Beam trawl Belgium chain 0.342 0.4275 0.72675 0.95 0.72675 0.95 0.25 0.25 0.19 0.152 
otter trawls  0.19 0.323 0.19 0.323 0.19 0.323 0.2166 0.55575 0.2166 0.55575 
Static gears  0.35 0.35 0.14 0.14 0.14 0.14 0.2 0.2 0.5 0.5 
  
Data sources 
i. van Helmond, A. T. M. & van Overzee, H. M. J. (2007) Discard sampling of the Dutch beam trawl fleet in 2006. CVO Report 
07.011. pp. 
ii. Piet, G. J., van Hal, R. & Greenstreet, S. P. R. (2009) Modelling the direct impact of bottom trawling on the North Sea fish 
community to derive estimates of fishing mortality for non-target fish species. ICES Journal of Marine Science, 66, 
doi:10.1093/icesjms/fsp162 1985-1998. 
iii. Fraser, H. M., Greenstreet, S. P. R. & Piet, G. J. (2007) Taking account of catchability in groundfish survey trawls: implications 
for estimating demersal fish biomass. ICES Journal of Marine Science, 64, 10.1093/icesjms/fsm145 1800-1819. 
iv. ICES (2008) Report of the Working Group on the Assessment of Demersal Stocks in the North Sea and Skagerrak (WGNSSK). 
v. Casey, J. 1996. Estimating discards using selectivity data: the effects of including discard data in assessments of the demersal 
fisheries in the Irish Sea. Journal of Northwest Atlantic Fishery Science, 19:91–102. 
vi. He, P. (2003) Swimming behaviour of winter flounder (Pleuronectes americanus) on natural fishing grounds as observed by 
an underwater video camera. Fisheries Research, 60, 507-514. 
vii. Wileman, D. 1992. Codend selectivity: updated review of available data. Final Report under Study Contract 1991/15 for 
European Commission, Directorate General for Fisheries. DIFTA, North Sea Centre, Hirtshals, Denmark. 
viii. Wileman, D. A., Ferro, R. S. T., Fonteyne, R., and Millar, R. B. 1996. Manual of methods of measuring the selectivity of towed 
fishing gears. ICES Cooperative Research Report, 215. 126 pp. 
 
0.1.14 Long term effects of discarding 
Aim: Estimation of the magnitude of annual losses to the Spawning Stock Biomasses and landings (catches) for 
sole, plaice, cod haddock and whiting arising from current levels of discarding. 
Annual single species assessments for the aforementioned stocks are carried out by ICES using Virtual 
Population Analysis (VPA).  The basis of the analysis comprises of fitting a time series of catch per unit effort 
at age data (CPUE) to catches at age from the fishery.  These catches are a combination of landings and 
discards (species which are caught but not landed for sale).  Collecting discard information is time consuming 
and costly and in some fisheries it is not collected, in other fisheries it is routinely monitored.  In the North 
Sea, landings for commercial species are monitored at the port of landing; however discard information is 
often lacking for the main species.  Until recently VPA was based solely on landings for many of these species 
even though fishing mortality (F) from discards may account for a large proportion on certain age groups.  
Therefore the overall estimates of F wouldn’t be correct solely based on landings.   
Computer simulation has been used to evaluate scenarios of changing catch patterns for North Sea plaice, 
sole, whiting, haddock and cod (Kell et al., 2007, www.flr-project.org). With further developing methods 
previously used (Catchpole, et al., 2007) we determined the utility of eliminating discards of plaice, sole, 
whiting, haddock and cod. (i.e. assuming that discarded fish are no longer caught) in enhancing the North Sea 
stocks of these species. The same method can also be used to forecast the effect of introducing different 
gears (métiers) (Task 4.2) once the catch patterns of those gears has been established.   
Page 28 of 146 
 
0.1.14.1 Method 
For all species, the modeled landings and discard estimates (Task 1.4) differed substantially from the ICES WG 
estimates therefore discard estimates had to be scaled to working group data.  Discard proportions by age, 
species and métier from the model were applied to ICES estimates of discards. This generated a breakdown of 
the ICES discard estimates by age into the contributions from each métier. Consequently, the age structures 
and the total discard rates in the modeled and working group data are not comparable. This was a necessary 
compromise without having modeled data for the time series required to run new assessments for each 
species. 
Sole does not have an assessment that includes discards. The assessment performed in the analysis was based 
on modeled discard data (Task 1.4). The modeled discard rate for 2006 gave a discard rate of 18%, which is 
higher than estimates from the ICES WG. There was also considerable disparity between the model output 
and ICES WG estimates for landings. This meant that modeled discard proportions-at-age could not be applied 
to the ICES WG estimates of landings in the assessment and yield meaningful estimates of discards. Therefore, 
the modeled numbers of discards-at-age were used with the ICES estimates of landings to generate 
proportions of discard-at-age. These proportions were then applied to previous years for which no other data 
were available. 
0.1.14.2 The data 
The baseline data used for the purposes of the project was the 2007 ICES assessment data.  The discard and 
landings data by gear and mesh size was produced from a model developed under (Task 1.4).  This data was 
used because country specific discard data by the different gear and mesh types was unavailable from the 
project partners.  Also as the assessments are based on input by several countries, those countries not 
involved in the project had to be accounted for.  This methodology consists of three steps to account for and 
scale the estimated landing and discard data. In short the steps are: 
1. Landings and discards at age data for countries not involved was supplied by the appropriate stock file 
managers and were subtracted from the estimated working group totals by species and age. 
2. Proportions at age from the (Task 1.4) landings and discards data were calculated by species, gear and 
mesh size. 
3. The proportions were then scaled to the working group (2007) discards and landings from (1.) by 
species and age.  Thus giving a scaled selection pattern by species gear mesh and age. 
0.1.14.3 The Model 
Simulations were conducted using FLR (Kell et al. 2007, www.flr-project.org) by projecting the estimates of 
numbers-at-age from the most recent age-based assessment (ICES, 2007) for 10 years on the basis of the 
standard age-structured population equation: 
 
   Na+1,y+1 = Na,y e-Za,y 
Where: Na,y is the number of fish of age a at year y, and Za,y is the total mortality from age a to age a+1. Za,y 
= Ma + Fa,y, where Ma is the natural mortality at age a and Fa,y is the fishing mortality at age a in year y. 
Biological parameters, mortality, natural mortality, mass-at-age were taken from the latest ICES assessment. 
The catch equation was rearranged to enable the calculation of F-at-age for a given catch number-at-age. For 
any given stock (excluding Sole), total discard numbers were deducted from the total catch numbers, and the 
revised F’s replaced the F’s in the baseline run. This modeled the effect of a total elimination of discards, i.e. 
hypothetical knife-edged selection. This scenario represents the effect of introducing a level of fishing 
mortality-at-age that would have enabled only those fish that were landed in 2006 to have been caught. The 
F’s then remain constant for the forecast period. 
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For Sole, the same method was used; however, because the assessment does not include discards, there are 
no historical discard files. It was possible to look only at the effect of introducing discards in 2006 and 
comparing it to an assessment without discards. The modeled discard data from Task 1.4 was subsequently 
used un-scaled.  For the entire years previous to 2006, discard data had to be estimated and this was done in 
3 steps: 
1. A discard selection pattern was calculated for the data in 2006. 
2. Total discard rate were calculated for 2006 (29%). Other years we have estimates for from ICES 
working group report (WGNSSK 2009).  See table 2. The years where we did not have discard rates we 
extrapolated to obtain estimates (years previous to 1976 we assumed no discards).  Total discards 
were calculated based on these modeled estimates and the total landings. The selection pattern in 1 
was applied to give discards at age. 
3. A stock assessment incorporating the newly calculated discards was carried out using FLR, extended 
survivor analysis (XSA) (Kell et al. 2007, www.flr-project.org). 
 
0.1.14.4 Scenarios 
Scenario 1
Table 0-7
: A baseline stock projection was run for each of North Sea plaice, sole, whiting, haddock and cod, 
against which the other scenarios were compared. All scenarios were run for 10 years. Input values for 
parameters are given in . 
Scenario 2: A complete cessation of discarding in all North Sea fisheries for plaice, sole, whiting, haddock and 
cod. F- Values corresponded to the number in the catch minus discards. 
Scenario 3
 
: The cessation of discards from all other gears that catch sole and plaice.  
Table 0-7: Showing input values for parameters. 
  
 
  
Plaice Sole Haddock Whiting Cod
Age range 1-10+ 1-10+ 0-8+ 1-8+ 1-7+
Fbar age range 2-6 2-6 2-4 2-4 2-4
Years for mean selection pattern 2003-2005 2003-2005 2003-2005 2003-2005 2003-2005
Years for mean weights at age 2003-2005 2003-2005 2003-2005 2003-2005 2003-2005
Years for mean portioning landings and discards 2003-2005 2003-2005 2003-2005 2003-2005 2003-2005
Years for mean recruitment 2003-2005 2003-2005 2003-2005 2003-2005 2003-2005
F-multiplier 1 1 1 1 1
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Table 0-8: Overview of landings and discard numbers and weights (kg) per hour and there % in Dutch discards. (from 
ICES working group report (WGNSSK 2009)) 
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0.2 Results 
0.2.1 Fact sheet 
FACT SHEET NORTH SEA FLATFISH FISHERIES – baseline of the study TOTAL 
Métiers Total = 183,  
Flatfish directed = 73 
Country independent métiers = 34 
ALL MÉTIERS, ONE YEAR 
Catch weight Total landed sole 9,865 ton 
 Total landed plaice 38,828 ton 
 Total landed other spp 29,794 ton 
 Total landed fish weight 78,487 ton 
Catch value Total value catch 297,222 kEuro 
 Average value of 1kg fish 3.79 € 
Socio-economic Total employment  293,149 persondays 
 Total operational cost  254,704 k€ 
 Variable cost 82,744 k€ 
 Total crew share 67,833 k€ 
 Total fuel cost 100,103 k€ 
 Break-even fuel cost 0.59 € 
 Total days at sea 61,874 days 
Discarding Numbers of sole, plaice, cod, haddock and whiting 
discarded 
584,799,592 
 Numbers of sole and plaice discarded 543,806,342 
 Effect on SSB after 10yrs with cessation of discarding SOL:+55% 
 PLE: +196%  
COD:+64%  
WHG:+26%  
HAD:+51% 
 Effect on yield after 10 yrs with cessation of discarding SOL:+20%  
PLE: +44%  
COD:+28%  
WHG:-28%  
HAD:-13% 
Ecological Total fuel consumption 243,009 m³ 
 Total CO2 production 663.900 ton 
 Liters fuel for 1 kg of fish 3.1 liter 
 Liters fuel for 1 Euro landed fish 0.81 liter 
 Fished surface 239,237 km² 
 Years to sweep surface equal to whole North Sea 3 yrs 2 ms 
 Total displaced sediment 4.8 km³ 
 Years to move 1cm top layer sediment of whole North 
Sea 
1 yr 7 ms 
 Length set nets per year  159,241 km 
It should be stressed that parameters like "surface fished", "sediment displaced", "years to…" are merely a measure of 
the magnitude of seafloor impact and do not take operational characteristics of the vessels into account. These cannot 
be used as absolute figures. 
 
 
 
 
 
 
Page 32 of 146 
 
 
0.2.2 Landings and métiers 
For the North Sea flatfish fishery (Belgium, Denmark, Netherlands and England) a total of 183 different 
métiers (métier level: country, vessel type, vessel length, gear type, mesh size) were active in 2006 of which 
73 could be classified as flatfish directed (Fig. 0-6). 
Excluding “country” as a factor in the métier definition leaves 32 flatfish directed métiers in the North Sea. 
The French and German flatfish directed fishery in the North Sea is negligible, i.e. < 1% of the total sole and 
plaice landings. The Scottish landings for sole and plaice account for 11% of the total but are mainly landed by 
beam trawlers which are for a large part Dutch owned flagships and thus quite comparable in characteristics 
to the Dutch fleet. The remainder is fished by Scottish otter trawlers which can be considered to be 
comparable with the English otter trawlers. This study has been based on Belgian, Dutch, Danish and English 
fleets which represent almost 90% of the sole and plaice landings in the EU share of the North Sea. 
 
 
Fig. 0-6 - The relative amount of sole and plaice in the total catch of trips grouped according vessel length, fishing gear 
and mesh size. 
Despite the fact that the threshold for inclusion of métiers in the project was low (>5% sole and plaice in total 
landings), the major part of the métiers in Fig. 0-6 catch at least 40% sole and plaice. Apparently you catch a 
lot of flatfish or you don't catch flatfish at all. 
The 73 métiers selected as being flatfish directed, i.e. 39% of the métiers, represent 96% of the fishing effort 
and catch, 97% and 96% of the sole and plaice landings respectively. These métiers catch a large part of the 
other species as well but have a lower share for cod, haddock, whiting and crustaceans and only 17% for the 
species classified as “other”. 
The list of selected métiers is given in Table 0-9. 
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96%
97%
96%
73%
53%
54%
95%
73%
92%
57%
95%
100%
17%
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1.000 kWdays
Sole
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Cod
Haddock
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Other flatfish
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Cephalopods
Shells
Other
Landings (ton)
Total landings in the North Sea - 2006
Métiers included Métiers not included %: Percentage share of included métiers
 
Fig. 0-7 – Landings in the North Sea (2006, B, Dk, NL, UK) for five species and seven species groups, split up for the 
métiers selected for further study in the project at one hand and the excluded métiers at the other hand. The fishing 
effort is presented in “1000 kWdays”. The percentages indicate the share of the métiers included in the project 
relative to the total. 
The geographical distribution of the origin of the landings of sole and plaice are given in the Fig. below. 
 
  
2000
Total plaice landings 2006 (ton)
1000
Total sole landings 2006 (ton)
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Country Vessel type Vessel length Fishing gear Mesh size 
B Beam Trawl <24 OTX 70-89 
   TBB 80 
    120 
  >24 OTX 70-89 
   TBB 80 
    100 
    120 
 Demersal Trawl >24 OTX 70-89 
 Static Gear <24 GTR 90-100 
D Beam Trawl >24 TBB >=120_0 
    90-119_ 
 Demersal seine <24 SDN >=120_0 
    90-119_ 
 Demersal Trawl <24 OTB >=120_0 
    70-89_0 
    90-119_ 
  >24 OTB >=120_0 
    70-89_0 
    90-119_ 
   OTT 90-119_ 
 Static Gear <18 GNS 100-119 
    120-219 
    90-99_0 
   GTR 120-219 
  >18 GNS 100-119 
    120-219 
    90-99_0 
   GTR 120-219 
NL Beam Trawl 12-24 TBB >=120 
    70_89 
    90_100 
  24-40 TBB >=120 
    70_89 
    90_119 
  40-XX TBB >=120 
    70_89 
    90_100 
    90_119 
 Demersal Trawl 12-24 OTB 70_89 
    90_100 
    90_119 
   OTT 70_89 
    90_100 
  24-40 OTB 70_89 
    90_100 
    90_119 
   OTT 70_89 
  40-XX OTB 70_89 
    90_119 
   OTT 70_89 
 Static Gear 12-24 GNS 100_119 
    90_99 
UK Beam Trawl      40+ TBB 100-119 
    120+ 
    80-99 
  18-23.99 TBB 80-99 
  24-39.99 TBB 100-119 
    120+ 
    80-99 
 Demersal seine 18-23.99 SDN 100-119 
    120+ 
 Demersal Trawl      40+ OTB 100-119 
    80-99 
   TBB 120+ 
    80-99 
  12-17.99 OTB 80-99 
   PTB 80-99 
  18-23.99 OTB 120+ 
    80-99 
   PTB 80-99 
  24-39.99 OTB 100-119 
    80-99 
   PTB 100-119 
Table 0-9 – List of métiers selected for the project 
Legend: 
OTB: single otter trawl OTX: outrigger or twin otter trawl GTR: trammel net SDN: Danish seine 
OTT: twin otter trawl GNS: set gillnet PTB: pair trawl 
 
TBB: twin beam trawl 
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0.2.3 Fishing effort 
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Fig. 0-8 – Fishing effort in 1.000 kWdays by vessel Group (based on vessel length) and the share in the total effort. 
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Fig. 0-9 – Relative fishing effort (based on kWdays) within vessel group by gear type 
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Fig. 0-10 – Fishing effort in “1000 kWdays” for the different gear types and the relative fishing effort by gear type in %. 
 
The beam trawl is by far the most important fishing gear in the North Sea sole and plaice fishery and the 
larger vessels also dominate in terms of effort expressed as kWdays. The two larger fleet segments consist of 
trawlers only (Fig. 0-9) also dominated by beam trawlers. The smallest fleet segment contains the highest 
variety in fishing methods.  Note that following fisheries are excluded: 
• <33 mm mesh fisheries 
• Pelagic fisheries 
• Fisheries with vessel < 10m LOA 
• Métiers with less than 5.000 kg sole and plaice and less than 5% sole and plaice 
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Percentage effort by mesh size relative to the total within each gear type 
Fig. 0-11 – Relative fishing effort (based on kWdays) by mesh size within each gear type 
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0.2.4 Landings 
The flatfish fishery in the North Sea is dominated by large vessels (Fig. 0-12). This group takes the majority of 
the sole as well as the plaice catches. The beam trawl is the main fishing method for these two species and in 
comparison the other fishing methods are almost insignificant. The 80mm mesh is "the" mesh size for the sole 
fishery but is surprisingly also the most important mesh size for plaice.   
Fig. 0-13 indicates that besides sole and plaice, other flatfish (turbot, lemon sole, dab and flounder) are 
important for the larger vessels. For the vessel group 24-40m, this is also the case but landings of crustaceans, 
cod, rays and sharks play a role. The smaller vessels clearly land a wider mix of fish. 
 
  
 
 
Fig. 0-12 - Landings of sole and plaice by gear type (top left), vessel length (top right) and mesh size  
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Fig. 0-13 - Landings per unit of effort (LPUE in kg/1000 kWdays) by vessel type and species group 
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Fig. 0-14 - Relative fishing effort (based on kWdays) and relative landings by vessel length class 
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Fig. 0-15 – Relative fishing effort (based on kWdays) and relative landings by gear type. 
Fig. 0-13 to Fig. 0-15 indicate which part of the total landings (by species group) each gear type catches and is 
a rough indicator on the relative efficiency of a given gear type for a given species group. Target species, 
discarding and high grading can bias this indicator. The skipper, the choice of fishing ground and available 
quota may also influence this indicator. Consequently, these data should be interpreted with care and should 
be seen as an indicator for catch efficiency related to external factors, mainly target species, regulations and 
technical measures.  
Beam trawls seem to be above average efficient in catching sole and shells and on average for “other flatfish” 
and “rays and sharks”. Beam trawls have an efficiency below average for plaice because this vessel group 
mainly targets sole. Beam trawls have a low efficiency for cod and a very low efficiency for haddock and 
whiting, although especially for these species, high grading may influence this indicator. Otter trawls seem to 
have a high efficiency in catching most of the species, except for sole and shells. Twin rig otter trawls mainly 
target crustaceans (Nephrops), plaice and “other” whereas the OTX gear type (often beam trawlers seasonally 
fishing with twinrig or outrig) mainly target crustaceans and rays & sharks. Despite the fact that these three 
types of trawls, single otter trawls, twin rig otter trawls and outrig otter trawls, have similar characteristics 
and have similar catching efficiency for the different species, the composition of the landings is fundamentally 
different. This is may be caused by the choice of the skipper and is related to tradition, available quota and 
skippers knowledge of fishing grounds. Pair trawls have a similar composition of the landings compared to 
otter trawls. The Danish seine has a far above average efficiency to catch plaice, cod and haddock as well as 
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other roundfish and species classified as “other”. Static gear like gillnets and trammel nets mainly land plaice 
and cod and “other” species and are efficient in catching sole as well. 
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0.2.5 Value 
 
 
 
Fig. 0-16 - Value per unit of effort (VPUE) (Euro/1000kWday) by vessel type and species group 
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Fig. 0-17 – Value of the landings (€) for one day fishing, by vessel length and fishing gear 
If expressed as value per unit of effort (kWdays - Fig. 0-16), then smaller vessels land a higher value and make 
a more efficient use of each kW. Per day fishing (Fig. 0-17), larger vessels land a higher value and an extreme 
high value is recorded for the large beam trawlers. 
0.2.6 Operational costs 
The operational costs are presented in Fig. 0-18 and are presented in the different fractions (fuel, crew, 
variable costs) in Fig. 0-19, Fig. 0-20 and Fig. 0-21. The same costs, but expressed per unit of landed value, are 
given in Fig. 0-22. The figures make clear that it is mainly the fuel cost that is strongly dependent on vessel 
size and fishing method. Crew share and other variable costs are rather similar for all métiers. 
If expressed as costs per unit of landed value, there are three métiers that are loss-making, i.e. OTT >40, OTB 
>40 and PTB 12-24. These métiers are, however, based on a limited amount of data and are less reliable. 
Mark the very high cost relative to the value of the landings for OTT and OTB >40m and PTB (Fig. 0-22) which 
were already mentioned as being backed up by a low amount of data. 
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Fig. 0-18 - Total operational costs (€) per day fishing by vessel class and gear type. Operational costs are all costs 
except financial costs. 
 
 
Fig. 0-19 - Fuel costs (€) per day fishing by vessel class and gear type. 
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Fig. 0-20 - Crew share (€) per day fishing by vessel class and gear type. 
 
 
Fig. 0-21 - Variable cost (€) per day fishing by vessel class and gear type. 
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Fig. 0-22 - Total operational costs (€) and the three sub-categories of costs expressed as a ratio of the cost item and the 
total value of the catch in that fleet segment. 
0.2.7 Profit 
 
Fig. 0-23 – Profit before financial costs and taxes, per unit of effort expressed as €/kWDay 
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Fig. 0-24 – Profit before financial costs and taxes, per unit of landed fish value expressed as €/€ landed fish 
The operational profit is positive for the whole fleet and also for each length class and gear group. Only if the 
fleet is further split in métiers, some loss-making métiers can be identified. In terms of profit per landed value, 
large vessels outperform smaller vessels, trawlers outperform static gear and Danish seine fisheries and 
twinrigs perform best. It should be noted that investment costs have not been taken into account in this 
study. 
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0.2.8 Fuel consumption 
 
  
 
Fig. 0-25 - Fuel consumption by vessel type and gear type expressed as A) fuel per kg landed fish, B) fuel per Euro of 
landed fish, C) fuel per unit of effort (days at sea), D) fuel per unit of effort (kWdays), E) the total fuel consumption for 
the vessel and gear group and F) the total CO2 consumption for the vessel and gear group. 
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Table 0-10: The break-even fuel price by gear type 
Gear Break-even fuel price
GNS 0,88
GTR 0,61
OTB 0,47
OTT 0,88
OTX 0,82
SDN 2,27
TBB 0,59
All 0,59  
CO2 emissions are directly linked to installed main engine horse power. For a number of so-called ‘reference 
vessels’ a Generic Energy Systems (GES) model was run, based on yearly operational profile (i.e. the division in 
time over the year a vessel is steaming, fishing, laying in harbour, etc.) resulting in fuel consumption and 
gaseous emissions in tonnes/year for these cases (van Marlen et al., 2008a; van Marlen and Salz, 2010).. 
For the Belgian reference vessel of 1350hp and Loa = 24-40 m, which was calculated with a standard engine, 
we found in the ESIF-study the values given below. 
Table 0-11: Fuel consumption and gaseous emissions for base line (from van Marlen et al., 2008) 
Item Base line consumption Ratio fuel / emission 
Fuel [tonnes/yr] 1203.38 1 
CO2 [tonnes/yr] 3780.12 3.14132 
SOx [tonnes/yr] 24.07 0.02000 
NOx [tonnes/yr] 69.72 0.05730 
HC [tonnes/yr] 2.34 0.00194 
CO [tonnes/yr] 4.56 0.00375 
 
The emission factor for CO2 of 3141 g/kg fuel corresponds well with value found in the literature, i.e. 3130 
g/kg fuel (Hulskotte et al., 2003). The combustion process adds oxygen from the air and therefore leads to a 
higher value in weight than the input. 
A first proxy can be made using the data over 2004-2006 given below for the three segments involved (Table 
0-12). 
Table 0-12: Summary of technical parameters, average 2004-2006 (segment totals, derived from Van Marlen et al., 
2009)   
Fleet segment Number of 
vessels 
Total engine 
power 
(1000 kW) 
Total crew Total effort  
(1000 kW-days) 
Fuel use  
(1000 liter) 
Fuel use 
(1000 ton) 
TBB 12-24m 195 37.556 507 4,232 31,644 36,929 
TBB 24-40m 49 45.956 246 7,147 51,544 60,152 
TBB >40m 95 159.615 588 28,940 149,712 174,714 
 
Using the factors in Table 0-10 and the conversion rate of 1.167 Liters per tonne for Gas Oil 
(http://www.eurocbc.org/Standard%20Conversion%20Factors%20dti_converfactors.pdf) we find for the 
three segments of the Dutch fleet the numbers given in Table 0 12 below. Similar calculations could be made 
for the other métiers, which was not done here. 
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Table 0-13: Summary of Greenhouse gas emissions, average 2004-2006 (segment totals, derived from Van Marlen et 
al., 2009)  
Fleet segment Number 
of 
vessels 
Total 
engine 
power 
CO2-
emissions 
SOx-
emissions 
NOx-
emissions 
HC-
emissions 
CO-
emissions 
All 
emissions 
(1000 kW) (1000 ton) (1000 ton) (1000 ton) (1000 ton) (1000 ton) (1000 ton) 
TBB 12-24m 195 37.556 116,004 2,320 133 0.26 0.0010 118,458 
TBB 24-40m 49 45.956 188,956 3,779 217 0.42 0.0016 192,952 
TBB >40m 95 159.615 548,832 10,977 629 1.22 0.0046 560,439 
 
 
  
Fig. 0-26 - Fuel consumption per unit of landed value 
Fig. 0-25 and Fig. 0-26 demonstrate that, independent in which units fuel consumption is expressed, smaller 
vessels and static fishing gear are far more efficient in using fuel compared to larger vessels and towed gear. 
Most efficient are the gill- and trammel nets and Danish seine. Large vessels with towed gear need at least 3 
liters fuel for one kg of ungutted fish whereas for static gear, less than 0.5 liter suffices.  
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In terms of “fuel for value”, beam trawlers need 1 liter of fuel for 1€ of fish. The static gear and Danish seine 
only need 1/10th
The larger the vessel or the more intensive a fishing method is, the less crew is needed to land one unit of 
value. 
. The other towed gears lie in between. Large and medium sized vessels need 1 or 0.8 liter of 
fuel for 1€ of fish respectively compared to <0.4 liter for small vessels.  
Fig. 0-26 and Fig. 0-30 clearly demonstrate that there is a negative correlation between amount of fuel 
and number of crew used in the fishery. Fuel and labor are the two most important cost factors in the fishery. 
When the cost of one of these factor changes significantly, it will affect one part of the fleet more strongly 
than another. 
0.2.9 Employment 
 
Fig. 0-27 - Number of crew aboard the fishing vessles by vessel type and gear type 
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Fig. 0-28 - Employment by vessel type and gear type expressed as persondays 
 
Fig. 0-29 - Income of one crew member per day fishing, by gear type 
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Fig. 0-30 - Employment per unit of landed value 
0.2.10 Technical data 
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Fig. 0-31 - Technical and operational data per vessel type and gear type. A) The horizontal net opening, B) the weight 
of the whole fishing gear, C) the towing speed, D) the productive fishing hours per fishing day, E) the total length of 
the set nets deployed in one fishing day and F) the soaking time of set nets in one fishing day. 
The selectivity ogives for the different fishing gears and mesh sizes are given in Fig. 0-32, Fig. 0-33 and Fig. 
0-34. 
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Fig. 0-32 – The beam trawl selectivity ogives for sole, plaice, cod, haddock and whiting for the mesh sizes relevant to 
Scenario 1. 
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Fig. 0-33 – The otter trawl selectivity ogives for sole, plaice, cod, haddock and whiting for the mesh sizes relevant to 
Scenario 1. 
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Fig. 0-34 – The set net selectivity ogives for sole, plaice, cod, haddock and whiting for the mesh sizes relevant to 
Scenario 1. 
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0.2.11 Impact data 
  
 
  
Fig. 0-35 - Environmental impact data by vessel and gear type. A) the total surface fished/day by one vessel, B) The 
average sediment penetration, averaged over the different gear components in contact with the seafloor, C) the total 
surface fished/year fishing for the whole fleet segment, D) the total displaced sediment/year fishing for the whole 
fleet segment, E) the total surface fished by one vessel/year and F) the total sediment displaced by one vessel/year. 
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Bottom impact and effects on the marine ecosystem were found to be considerable for beam trawls, although 
all towed gears significantly impact the seafloor and its communities. One of the main impacts of trawling on 
the marine environment is the homogenization of the sediment (removal of physical structure), which in turn 
leads to more homogeneous benthic communities. In general it can also be concluded that trawling reduces 
biomass, production and species richness, with a higher sensitivity for the softer sediments and hard 
substrates. Sandy sediments appear to more resilient to trawling, especially in dynamic areas, although recent 
research indicates that closely associated species of biogenic reefs (e.g. Lanice conchilega, typical for inshore 
fine sandy sediments in the North Sea) are impacted by beam-trawl fisheries. The reef structure itself can 
persist under intermediate beam trawl pressure but the integrity of the reef is hurt as the system as a whole 
degrades immediately after disturbance. In general it can be stated dynamic sandy areas are more resilient to 
trawling but that biogenic reefs that can occur in these areas, like mussel and oyster banks, Lanice etc. are 
vulnerable. 
Sweeping the surface with trawls may affect biomass and production of epifauna and may reduce the 
abundance of sessile organisms. Penetration into the sediment may affect infauna by causing damage or 
direct mortality and by exposing the animals to predators. The impact of the first passage of a trawl has the 
greatest effect, while an increase of trawling effort on communities that were already heavily trawled had 
little additional effect on production or biomass for all habitats. With this in mind it is important to stress that 
the parameter “surface fished” as given in Fig. 0-35, should be interpreted with caution because a large part 
of the fishing effort has a strong geographical overlap. 
It is indeed difficult to assess, based on the literature, what percentage of the surface area of the North Sea if 
fished with which intensity. De Groot (1996), indicates that fishing covers 50% of the North Sea surface area, 
compared to 3% for cables and pipelines. xxx, on the other hand calculated for the E&W sector of the North 
Sea a considerable lower coverage of 4.6% to 9.2% for fishing. Rijnsdorp et al. (1998) reported the strong 
overlap of fish tracks. This issue is therefore not addressed in this study. 
In order to get an idea on the order of magnitude of fishing impact, we cite Hiddink et al. (2006b) who 
concludes that benthic biomass in the Dutch and UK sector of the North Sea is 56% lower than would be 
expected in the absence of bottom trawling. Benthic production in the Dutch and UK sector of the North Sea 
was 21% lower, consistent with a shift in the benthic community towards smaller individuals and species with 
higher P:B (Production to Biomass) ratios. A reduction of trawling impact can be achieved by redirecting 
trawling effort from vulnerable to more resilient habitats. 
Bottom disturbance by trawling may have positive as well as negative effects for some fish species, from an 
economic perspective. It may improve feeding conditions for e.g. plaice but bottom trawling can have 
undesirable effects on the ecosystem and other commercial fish (e.g., on fish species that feed on large 
invertebrates, such as Atlantic cod ). As such the resultant effect of fishing for commercial species depends on 
the balance between positive and negative effects. On a longer time scale, fishing may affect the species 
assemblage. Over time, there seems to have been a shift in the Southeastern North Sea from fish that eat 
large benthic invertebrates (such as cod and rays) to ones that eat small worms (such as plaice, dab and sole). 
As such, certain fishing methods favor their own target species. It is clear that trawling influences the 
productivity of fish species in a positive or negative way, depending on a range of factors such as fishing 
effort, community structure (large or small invertebrates), the diet of fish species, etc. Changes in the use of 
certain fishing gears with other effect on the benthos, changes in the level of fishing effort and changes in the 
spatio-temporal distribution of fishing should therefore be well deliberated. 
The literature also states that when overfishing in the North Sea and the climatic effects are combined, they 
are a particularly powerful driver of ecosystem structure that shortens the period of change. This is because 
overfishing is known to simplify food webs, trigger trophic cascades and promote the proliferation of jellyfish, 
which feed on fish eggs, fish larvae, and zooplankton. The net result of these changes has been to create a 
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simplified ecology focused on lower trophic level invertebrates. The proliferation of jellyfish that can exert 
both top-down and bottom-up control of fish recruitment may signal the ecological climax of these changes. 
The extent of the synergistic effects of fishing and climate in the North Sea suggests that management may be 
unable to reverse current climate and human-induced changes.  
From Fig. 0-35 it is clear that, based on the parameters presented, the beam trawl has the highest impact in 
absolute numbers compared to other fishing methods. Taking into account, though, that beam trawl effort is 
spread very patchy and has a strong overlap, the degree of seafloor impact is not simply correlated to the 
parameters used in this study. In order to put this into perspective, the parameters “surface fished” and 
“sediment displaced” have been expressed per kg and € fish landed by gear type (Table 0-14). Passive fishing 
gear performs best and has negligible seafloor impact. In terms of fish landed and sediment displaced, the 
beam trawl seems to outperform the other towed gears.  
Table 0-14: The impact parameters expressed in terms of landed weight and value 
Gear type
m²  fished/kg 
landed fish
m³ displaced/kg 
landed fish
m²  fished/€ 
landed fish
m³ displaced/€ 
landed fish
GNS 18 0 5 0
GTR 8 0 3 0
OTB 3,516 48 983 14
OTT 6,021 81 1,875 25
OTX 4,221 56 1,059 14
SDN 12,890 3 5,419 1
TBB 2,756 72 709 18  
The patchiness and overlap of beam trawling, by far the most important method in the North Sea, does 
suggest the option of introducing a more geographically structured organization of the fishery, based on type 
of fishing gear and type of habitat. 
 
0.2.12 By-catch of marine mammals, seabirds and unaccounted mortality 
The death and injury of benthic invertebrates, along with the discards and fish offal caused by fishing gears 
creates an easily accessible source of food. A substantial part of the discarded fish and benthos is  consumed 
by seabirds. The implications for seabird abundance vary with area, though it seems likely that seabirds (and 
possibly some marine mammals) in the North Sea have not been adversely affected, and may have increased 
in number. Overall population changes of these species need to be interpreted with reference to other factors 
important in driving variability in these species (ICES, 2003). Changes in the amount of discards leading to prey 
switch by facultative scavengers (e.g. the great skua (Stercorarius skua)) presents a potentially serious threat 
to other seabird species through increased competition (Votier et al., 2004). The number of seabirds 
potentially supported by fishery waste in the North Sea is estimated to be roughly 5.9 million individuals in an 
average scavenger community (Garthe et al., 1996). The discard fraction of the beam trawl segment is 
however dominated by flatfish which are less favoured by seabirds because of their shape. In contrast, the 
amounts of discards from pelagic and gadoid fisheries are less, but fish species and lengths are more 
appropriate as food for seabirds (Garthe et al., 1996).  
Also the food availability on the seafloor increased due to the discards reaching the bottom in combination 
with the death and injury of benthic invertebrates caused by mobile gears.  This provides food and attracts 
demersal bottom feeders (e.g. cod, plaice, dab) (Kaiser and Spencer, 1994; Kaiser and Ramsay, 1997). Though 
not well studied, these indirect effects through fish diets, benthic predation rates and the resultant shifts in 
trophic dynamics and community structure are likely important determinants of present day ecosystem 
functioning (OSPAR, 2000). 
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0.2.12.1 Marine mammals 
Vinther and Larsen (2004) estimated the by-catch of harbour porpoise (Phocoena phocoena) in the Danish 
North Sea bottom-set gill net fishery for the years 1987-2001. The estimate is based on observer samplings 
covering only 0.3% of the fishery targeting plaice and 0.1% of the fishery targeting sole. Furthermore there are 
a number of other uncertainties and assumptions behind the two different methods used to extrapolate to 
the total harbour porpoise by-catch. No by-catch was estimated for the sole fishery. Harbour porpoise by-
catch was only observed in one season and in very few trips for the plaice fishery. The total observed by-catch 
was 1 individual per 31.5 km net set. The mean annual by-catch was estimated to 838 and 822 individuals 
respectively for the two methods used and 295 per 1000 tons landed plaice.  
A study was carried out in the Netherlands on the by-catches of harbour porpoise (Phocoena phocoena L.) in 
the coastal set net fishery. A large number of strandings (546 animals in 2006) could not directly linked to 
fishing activities, but it was found from autopsies that a number of deaths were likely fishery related 
(Couperus, 2009; Couperus et al., 2009). The total population in the Dutch NCP was estimated at 36000 
individuals, and the minimum by-catch of 100-200 animals, leading to 0,3 - 0.6%. With the peak of 2006 this 
would be 0,1% - 1,1%, using the minimum by-catch rate of 7% (Osinga et al., 2009) and the maximum at 
maximum by-catch 70% according to (Leopold and Camphuysen, 2006), see also (Couperus, 2009). 
According to Depestele et al. (2008) beam trawl fisheries do not or hardly interact with marine mammals. The 
impact of trammel/gill net fisheries on the other hand can be substantial, depending of the specification of 
the fishing gear. Non commercial trammel net fisheries at the beach, targeting sole are a problem in the first 
quarter of the year. In the Southern North Sea, there is limited by-catch of mammals in sole trammel nets. 
The summary of the conclusions of Depestele et al. (2008) for the Belgian part of the North Sea are given in   
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Table 0-16 
 
Table 0-15: Summary evaluation of the ecosystem effects of trammel/gill net and beam trawl fisheries on marine 
mammals (Depestele et al., 2008).  
Trammel/gill net 
fishery
- Two types of studies evaluate the by-catch of marine mammals in gil l  net 
fisheries:
1) through the monitoring of stranded animals:
Incidental by-catch has risen lately on the Belgian part of the North Sea, especially 
during March-April, most l ikely because of recreational beach fisheries. 
2) through observer programmes:
(a) Many variables affect the by-catch of marine mammals. Coherent conclusion 
could not be made.
(b) There are considerable differences in by-catch rates between different gil l  net 
fisheries. By-catch in Danish sole fisheries has appeared to be minimal, especially 
in non-Danish waters. However, monitoring took place in periods of low 
abundance of harbor porpoises. Turbot- and cod fisheries can cause considerable 
by-catch problems.
Beam trawl fishery, 
targeting flatfish 
species
- By-catch of marine mammals in beam trawl fisheries is non-existing, except in 
accidental circumstances.
 
Use of pingers (acoustic alarms) have been mandatory in set nets in the North Sea having a mesh size larger 
220 mm (Anon., 2004) which mainly concerns nets targeting turbot.  
0.2.12.2 Bycatch of waterbirds 
In a study on effects of beam trawls and set nets in the Belgian part of the North Sea, Depestele et al. (2008) 
concluded that there is a clear association between sea birds and fishing vessels.  The indirect effects on sea 
bird populations is limited for trammel net fisheries, but might be substantial for diving species. Quantitative 
data on the latter are limited. Flatfish beam trawl fisheries have a considerable effect on sea bird populations 
at the Belgian part of the North Sea through discards of mainly fish species. Gulls in the coastal zone are 
mostly influenced by these fisheries. 
The summary of the conclusions of Depestele et al. (2008) for the Belgian part of the North Sea are given in   
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Table 0-16: Summary evaluation of the ecosystem effects of trammel/gill net and beam trawl fisheries on sea birds 
(Depestele et al., 2008).  
Trammel/gill net 
fishery
- Discards are relatively low in trammel net fisheries for sole. The impact on sea 
bird population is thought to be l imited, although there are no quantitative data 
for the Belgian part of the North Sea.
- By-catch of sea birds is l ikely for diving species, which localize and hunt their 
prey under water, such as Red-throated Diver, Great Crested Grebe, Cormorant, 
Black Scoter, Razorbil l  and Atlantic Murre. Scientific data for the Belgian part of 
the North Sea are not available.
Beam trawl fishery, 
targeting flatfish 
species
- Discards are high and have a substantial impact on sea bird populations (both 
for scavengers as for non-scavenging species). Especially gutted offal and 
discarded round fish species are consumed. Mainly gull  species are dependent on 
discards for the Belgian part of the North Sea. The effect of fisheries is mainly seen 
in the coastal area.
- By-catch of sea birds is accidental and expected to be non-problematic.
- Certain sea birds are highly influenced by fisheries through the food availabil ity, 
e.g. Black Scoter. Many species from the Belgian part of the North Sea feed on 
pelagic fish species and are only l imitedly affected by the Belgian sea fisheries.
- Disturbance is apparent for certain species, such as Black Scoter, but this impact 
is smaller than by-catch, discards and overfishing.  
 
Žydelis et al. (2009) recently made a review on by-catch of seabirds in gillnet fisheries. They found very few 
quantitative studies in the North Sea and none with direct relevance to this context. Net setting depth is 
important since the majority of diving birds prefer shallow waters having net setting depths below 20 m 
(Žydelis et al., 2009) which eliminates probability of waterbirds in several directed flatfish fisheries when the 
nets are set. However, by-catch might also take place during haul-back of the nets. Also a number of technical 
parameters like color, twine and net material will influence the by-catch of seabirds (Žydelis et al., 2009).  
Set nets 
By-catches of birds were estimated in a large scale gill net selectivity study (Anon., 1997). Commercial mesh 
sizes as well as non-commercial (smaller and larger) mesh sizes were used in flatfish gill nets and trammel 
nets. The nets were fished in several seasons and under commercial conditions in directed flatfish fisheries. 
No by-catch of waterbirds were observed in the flatfish gill and trammel nets whereas a limited by-catch was 
observed in cod gill nets (7 Guillemots) and hake gill nets (1 Cormorant).  
We have not been able to find any reports of waterbirds by-catch in trawl fisheries. The by-catch of 
waterbirds is believed to be a minor problem. 
Trawls 
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0.2.12.3 Unaccounted mortality 
Ghost fishing can be defined by: mortality of fish and other species that takes place after all control of fishing 
gear is lost by a fisher (Brown and Macfadyen, 2007). In this context the problem is related to set nets which 
are made of non-biodegradable synthetic fibres having the potential to continue fishing for a long time after 
being lost. There are no estimates of lost gears in relation to directed fisheries after plaice and sole in the 
North Sea but more generally the net loss in European waters appears to be less than 1% of the nets deployed 
with catches well under 1% of the landed catches (Brown and Macfadyen, 2007). The effective fishing lifetime 
of nets studied in European fisheries was not more than 6-12 months (Brown and Macfadyen, 2007). The 
catching efficiency of lost set nets is likely to decline rapidly (Matsouoka et al., 2005; Brown and Macfadyen, 
2007). This is likely to be the case in sole and plaice fishery because it takes place on a relatively flat seabed 
and shallow water were storm and tidal currents will decrease the height and increase the visibility due to 
fouling.   
Ghost fishing 
The summary of the conclusions of Depestele et al. (2008) for the Belgian part of the North Sea are given in   
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Table 0-16 
Table 0-17: Summary evaluation of the ecosystem effects of ghost fishing trammel/gill nets and beam trawls 
(Depestele et al., 2008).  
Trammel/gill net 
fishery
- Conclusion on ghost fishing can generally be drawn from analogous fisheries, 
especially through evaluation of factors such as currents, fishing grounds, etc.
- Ghost fishing nets cause a problem in deep waters (e.g. on slopes >400m)
- Ghost fishing is relatively l imited for coastal fisheries. The l ife span of ghost 
fishing nets is l imited and catch rates are very low in comparison with for 
instance discards of towed gears.
- Ghost fishing on open grounds are not expected to cause considerable problems 
for the Belgian part of the North Sea, as fishing grounds are not deep (< ~40m) and 
subject to great currents.
Beam trawl fishery, 
targeting flatfish 
species
- Towed gears are virtually inert when lost. By consequence, only a l imited amount 
of organisms will  be caught. Loss of fishing gear is more l ikely to contribute to 
pollution as to mortality of non-target species.
- Towed gears can provide a substrate for attachment of benthic invertebrates such 
as hydroids and anemones and can lead to extra habitat.  
 
It is generally believed that the discard mortality of most fish species fish is almost 100%. However, 
Survival of discards  
Table 0-17 
indicates that this is not always the case for plaice and sole. Evans et al. (1994) found that all fish caught in a 
trawl died after 15 minutes exposure on the deck including species such as cod, whiting, lemon sole, dab and 
plaice. However there are other experiments suggesting that flatfishes have some chances of survival bing 
discarded. Van Beek et al. (1990) estimated that less than 10 % of sole and plaice discarded from beam and 
bottom trawls would survive more than 4 days when kept in containers with circulating seawater. However 
recapture experiments by Millner et al. (1993) indicated that about 50 % of the plaice discarded from a trawl 
survived a longer period.  
 
 
 
Table 0-18: Mortality of discarded fish from experiments in the North Sea.  
Area Experimental conditions Mortality  Reference 
    
North Sea (IVc) Beam trawl, discard Sole: < 90 %;  van Beek et al. 
(1990) 
  Plaice: < 90%  
    
North Sea (IVb) Caught in Nephrops trawl, 15 min 
on board on vessel 
Plaice: 100% Evans et al. 
(1994) 
  Cod: 100%   
  Whiting: 100%  
 Caught in shrimp beam trawl and 
discarded 
  
North Sea (IVb)  Plaice: 49% von Kelle (1976) 
 Caught in shrimp beam trawl and 
discarded, catch sorted by sieves 
Sole: 42%  
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North Sea (IVb)    
  Plaice: 79% von Kelle (1976) 
    Sole: 60%   
 
It has been estimated that a very large proportion of discarded fish from North Sea fisheries will be taken by 
sea birds (Hudson and Furness, 1988; Bergham and Rösner, 1992; Evans et al., 1994; Garthe and Hüppop, 
1994; Tasker et al., 1999). Evans et al. (1994) estimated that 71% and 78% of discarded long-rough dab and 
dab respectively was taken by gulls. 
If improvement of fishing gear selectivity should make any sense then is important to consider if escapees 
survive mesh penetration. Several experiments have been conducted to estimate the unaccounted mortality 
that happens when the fish escape through the meshes of trawl cod-ends. The results of experiments 
conducted with relevant species in this context are shown in 
Survival of escapees 
Table 0-18. The results shows that a relatively 
low mortality was estimated in several experiments. An exception was an experiment conducted in Scotland 
where there was a relatively high mortality for haddock and whiting (Sangster et al., 1996). However 
experiments, with an improved methodology for collecting escaping fish and transferring them to underwater 
cages, indicated that mortality for these species was relatively low (Wileman et al., 1999; Breen et al., 2007). 
It was found that mortality of haddock and whiting was size dependant causing higher mortality for 
individuals below 15 cm (Breen et al., 2007). 
The mortality estimated for sole should be regarded with some care because it was estimated theoretically.  
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Table 0-19: Mortality after escape through trawl cod-ends. Mesh size is indicated. 
Area Experimental conditions Mortality  Reference 
   
 Barents Sea  135 mm OBT Haddock: 4 % Soldal et al. (1993) 
     
Faroe Islands  145 mm OBT Saithe: 2 % Soldal and Engås (1997) 
 145 mm OBT Saithe: 4% ; Haddock: 8 %;  Whiting 
4 %; Cod: 0 % 
Jacobsen et al.  (1992) 
   Jacobsen (1994) 
  
 
 
North west Scotland 70 mm OBT *Haddock: 43 %; Whiting: 43 %  Sangster et al. (1996) 
 90 mm OBT *Haddock: 20 %; Whiting: 25 %  
 100 mm OBT *Haddock: 21 %; Whiting: 27 %  
 110 mm OBT *Haddock: 14 %; Whiting: 15 %  
 70 mm OBT *Haddock: 20 %; Whiting: 2 % Wileman et al. (1999)  
 100 mm OBT *Haddock: 14 %; Whiting: 8 %  
 100 mm OBT *Haddock: 6 %; Whiting: 3 %  
 100 mm OBT *Haddock: 4 %; Whiting: 2 %  
 100 mm OBT Haddock: 2-7%; Whiting: 0-10% Breen et al. (2007) 
    
North Sea  BT***  Sole: 40 % van Beek et al. (1990) 
    
Baltic Sea  95 mm WIN, OBT Cod: 2.5 % Suuronen et al. (1996b) 
 95 mm WIN, OBT Cod: 0 %  
    
Baltic Sea  105 mm WIN Cod: 13 % Suuronen et al., 2005 
 120 mm OBT Cod: 15 %  
 105 mm WIN Cod: 2 %  
    
West Atlantic 120 mm OBT Cod: 0 % DeAlteris and Reifstick (1993) 
*All mortality estimates are averages of replicated experiments; ** Predicted mortality after 14 days; *** 
extrapolated from discard survival; OBT: otter board trawl; BT: beam trawl; WIN: window cod-end 
Another important aspect to be considered is that there can be escapement at the surface. Isaksen and 
Løkkeborg (1993) demonstrated a substantial escapement of haddock and cod from a Danish seine. It has 
recently been indicated that this is also the case for demersal trawls where there is a substantial escapement 
during haul-back operation for cod, haddock (Madsen et al., 2008a; Grimaldo et al., 2009) and whiting 
(Madsen et al., 2008a) when the trawl is hauled from the sea bed to the surface and onboard on the fishing 
vessel (Madsen et al., 2008a; Grimaldo et al., 2009). A recent experiment (Madsen et a., 2008b) assesses the 
escape opportunity of plaice during haul-back operation using a standard diamond mesh cod-end. Results are 
shown in the Table 0-19. The same is the case for cod. There are no significant (P > 0.05) differences in 
selectivity parameters for the towing and Haul-back phase. The haul-back escapement was found to higher 
when using T90 meshes.  
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Table 0-20: Escape time and selectivity parameters for plaice from an experiment with a standard 100.8 mm codend. 
Data from Madsen et al. (2008b). 
Escape 
time 
Escapement  L50 (cm) SR (cm) SF SRA 
Towing 47% 18.9 (10.6-
27.2) 
4.62 (3.22-6.01) 1.88 0.244 
Haul-back 19% 18.3 (11.7-
25.0) 
3.37 (2.47-4.27) 1.82 0.184 
Whole haul 66% 21.3 (15.8-
26.8) 
   2.77 (2.20-
3.33) 
2.11 0.13 
 
When fish first escape during haul-back, rather than during towing they will be exposed to more stress and 
physical injury. Close to and at the surface, they will be subjected to sea bird predation. Gadoids will suffer 
from decompression being physoclistous (the swim bladder and gut are not connected) and unable to 
evacuate excess gas volume quickly from the swim bladder whereas flatfish might be less affected. Some of 
the escapes will occur in the beginning of the haul-back phase where the probability of survival is likely to be 
higher than for late escape. However, Soldal and Isaksen (1993) demonstrated a relatively low mortality after 
8-11 days for haddock (4 %), cod (1 %) and saithe (0 %) escaping at the surface from a Danish seine. Breen et 
al. (2008) found a considerable higher mortality for haddock escaping at surface than depth.  
Another important aspect to be considered is that there can be escape at the surface. Isaksen and Løkkeborg 
(1993) demonstrated a substantial escape of haddock and cod from a Danish seine and Vesa Tschernij (Baltic 
Sea Research Station, Sweden, unpublished data) a substantial surface escapement of cod from a trawl. A one 
atmosphere decrease in pressure for every 10 meter depth decline (Bone and Marshall, 1982) should be 
expected to cause decompression which would be lethal for physoclistous roundfish. Nevertheless, Soldal and 
Isaksen (1993) demonstrated a relatively low mortality after 8-11 days for haddock (4 %), cod (1 %) and saithe 
(0 %) escaping at the surface from a Danish seine. 
Mortality of fish that have been in contact with gill nets  
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0.2.13 Mortality of non-commercial benthic species (epifauna and infauna) 
Due to the complexity of this issue we refer to Section F of this report that contains a review of literature on 
the environmental impact of fishing in the North Sea. The issue is shortly addressed below: 
0.2.13.1 Direct mortality of non-commercial fish species 
The direct mortality of non-commercial species can only partly be assessed from discard studies (see section 
2.4) as these data are only reported for a few of those species. Therefore (Piet et al., MS) developed a 
spatially explicit simulation model that uses (1) abundance data of all the main fish species in the demersal 
North Sea fish community, (2) international effort of the North Sea beam trawl and Otter trawl along with (3) 
estimates of species- and size-dependent catch efficiency in different fishing gears and provides estimates the 
direct mortality caused by beam- and otter trawl of  all major demersal fish species in the North Sea (Table 1) . 
Here only the mortality caused by beam trawling is shown. 
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Latin name English name Category Biomass (%) Mortality (%) 
Agonus cataphractus Pogge (armed bullhead) R/NT 0.3 0 
Amblyraja radiata Starry ray F/E 3.8 20 
Anarhichas lupus Wolffish R/NT 0.0 1 
Anguilla anguilla European eel R/NT 0.1 1 
Arnoglossus laterna Scaldfish F/NT 0.5 8 
Buglossidium luteum Solenette F/NT 0.2 5 
Callionymus lyra Common dragonet R/NT 1.0 1 
Callionymus maculatus Spotted dragonet R/NT 0.0 0 
Chelidonichthys lucerna Tub gurnard R/NT 0.1 13 
Echiichthys vipera Lesser weever R/NT 0.2 0 
Enchelyopus cimbrius Four-bearded rockling R/NT 0.1 3 
Entelurus aequerius Snake pipefish R/NT 0.4 0 
Eutrigla gurnardus Grey gurnard R/NT 3.3 4 
Gadus morhua Cod R/C 4.8 3 
Galeorhinus galeus Tope shark R/E 0.1 9 
Galeus melastomus Black mouthed dogfish R/E 0.0 0 
Glyptocephalus cynoglossus Witch F/NT 0.5 7 
Hippoglossoides platessoides Long-rough dab F/NT 1.8 10 
Hippoglossus hippoglossus Halibut F/NT 0.0 3 
Lepidorhombus whiffiagonis Megrim F/NT 0.5 0 
Leucoraja circularis Sandy ray F/E 0.0 0 
Leucoraja naevus Cuckoo ray F/E 0.8 2 
Limanda limanda Dab F/C 14.9 29 
Lophius piscatorius Anglerfish R/NT 0.1 1 
Lycodes vahlii Vahl’s eelpout R/NT 0.0 0 
Melanogrammus aeglefinus Haddock R/C 25.6 0 
Merlangius merlangus Whiting R/C 7.4 2 
Merluccius merluccius European hake R/NT 0.7 2 
Microstomus kitt Lemon sole F/NT 3.0 14 
Molva molva Common ling R/NT 0.2 0 
Mullus surmuletus Striped red mullet R/NT 0.0 5 
Mustelus mustelus Smooth hound R/E 0.3 10 
Myoxocephalus scorpius Bullrout R/NT 0.1 1 
Platichthys flesus Flounder F/NT 0.1 79 
Pleuronectes platessa Plaice F/C 10.9 70 
Pollachius pollachius Pollack R/NT 0.0 1 
Pollachius virens Saithe R/C 13.5 0 
Psetta maxima Turbot F/NT 0.2 76 
Raja brachyura Blond ray F/E 0.0 97 
Raja clavata Thornback ray F/E 0.2 60 
Raja montagui Spotted ray F/E 0.3 48 
Scophthalmus rhombus Brill F/NT 0.1 88 
Scyliorhinus canicula Lesser-spotted dogfish R/E 1.7 4 
Solea vulgaris Sole  F/C 1.5 50 
Squalus acanthias Spurdog R/E 0.2 4 
Trisopterus luscus Bib R/NT 0.0 1 
Trisopterus minutus Poor cod R/NT 0.1 0 
Table 1. List of the 47 most important (> 0.01% of total demersal fish biomass) demersal fish species in the North Sea 
that together make up 99.9% of the biomass. Each species is categorized based on morphology (F=flatfish, R=roundfish) 
and on being targeted by a fishery (C=commercial, NT=non-target while E=elasmobranch is a special category of non-
target fish).  The proportion of total North Sea biomass contributed by each species is indicated, together with modelled 
estimates of the percentage of each species’ standing-stock biomass removed annually by beam trawling.   
 
Page 73 of 146 
 
a) 
c) 
b) 
d) 
Figure 2.17. Spatial variation in modeled 
estimates of relative annual mortality (absolute 
biomass removed expressed as a percentage of 
standing stock biomass) for non-target roundfish 
(a), non-target flatfish (b), elasmobranches (c) and 
commercial (d) species (Piet et al., MS). 
 
The discard numbers and mortality estimates do not 
necessarily give the mortality of the non-
commercial species as  part of the discarded fish will 
survive. Survival rates of discards were estimated at less 
than 10% for sole and plaice (Van Beek et al., 1990). 
Even if there is no initial mortality owing to 
hauling and exposure to air, fish died in survival tanks 
after a couple of days. Dragonets (Callionymus lyra) 
had a final mortality of between 68 and 97%, 
cuckoo rays (Leucoraja naevus) had a mortality of 41% 
after 5 days (Kaiser and Spencer, 1995). The 
mortality of plaice and dab was at the end of the 
survival experiment 61 and 76% respectively. In 
contrast, the mortality of Lesser-spotted dogfish 
(Scyliorhinus canicula) was only 10% after 6 days (Kaiser 
and Spencer, 1995). 
 
 
 
 
0.2.13.2 Benthic invertebrates 
Because beam trawling disturbs the sediment up to several cm deep (Lindeboom and De Groot, 1998) it can 
be expected to influence the benthic invertebrate community. A meta analysis by (Kaiser et al., 2006) showed 
many benthic species that were impacted by beam trawling. Fig. 2.xx shows that on average benthic 
invertebrates in sandy habitats showed a reduction of approximately 80% 0-1 day after the trawling event. A 
week later this was less than 40%. A modelling exercise by (Hiddink et al., 2006) showed that the bottom 
trawl fleet reduced benthic biomass and production by 56% and 21%, respectively, compared with an 
unfished situation. Even though this study included not only beam trawling but also e.g. otter trawling it can 
be assumed that in the south-eastern North Sea where beam trawling dominated the fishing activities most of 
this effect can be attributed to beam trawling. The same study also showed that trawling had a negative 
impact on species richness for epifauna and the part of the infauna that occurs in the first few cm below the 
sediment surface. 
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0.2.13.3 Loss of habitat 
In 2006 the ICES Working Group on Ecosystem Effects of Fishing Activities (ICES, 2006) considered: 
The effects of fishing on habitat are related to the physical disturbance by bottom gears in contact with the 
seafloor. In summary these include removal of large physical features, reduction in structural biota and a 
reduction in complexity of habitat structure (leading to increased homogeneity) (ICES, 2002; 2003). The extent 
of these changes is related to the types of fishing gear being used and the initial level of complexity in both 
physical and biogenic structure (see (Auster and Langton, 1999; Johnson, 2002)). Structurally complex habitats 
tend to offer a greater diversity of food, physical shelter from disturbances and predation and, for some 
species, provide features such as sites for egg laying (Lokkeborg, 2005). Much of the work that has already 
been undertaken in relation to alteration of habitat in the towpath has taken place in areas other than the 
North Sea (see review in (ICES, 2002; 2003)). Given that many of the habitats studied previously are of high 
structural complexity, we suggest that the comparability with effects in the North Sea is likely to be low. At the 
same time, the resuspension of sediments that occurs during the trawling process may be associated with the 
release of contaminants and heavy metals that have previously been stabilised in the sediments. The effects of 
resuspension events on nutrient fluxes have also been studied, but again, most of the available literature is not 
from the North Sea. We are aware that work is currently being undertaken in the southern North Sea (Trimmer 
et al., 2005) and consider that the significance of the effects of trawling on nutrient cycling and localised fluxes 
must be addressed in North Sea studies (Percival et al., 2005). Beam trawls, especially large beam trawls with 
tickler chains or a chain matrix, are amongst the most disruptive gears to benthic habitats and processes (e.g. 
(de Groot and Lindeboom, 1994; Collie et al., 2000). 
Individually the impact from fixed gears on the benthic habitats is small, and caused by individual pots/creels, 
anchors, weights and ground gear. The largest impacts have been shown to occur when the gear is dragged 
over the seabed during hauling (Eno et al., 2001). In areas of high habitat structure, particularly biogenic 
features, the consequences of this can be severe. 
 
0.2.14 Stock status 
The status of the stocks of sole and plaice in the North Sea (ICES area IV) is described based on work of the 
ICES Working Group on the Assessment of Demersal Stocks in the North Sea and Skagerrak (ICES, 2008a) and 
is given in Annex 3 (Section 0.7).  
Fig. 2.xx. Response Y of benthic taxa to disturbance by beam trawling in 
different habitat categories. Y is logtransformed percentage change in 
abundance of each taxon in relation to control conditions (Y = –4.6: complete 
removal, –2.2: 90% reduction, –0.7: 50% reduction, –0.22: 20% reduction, 0: 
no change, +0.22: 25% increase, +0.7: 100% increase). The response is shown 
for 4 time categories (0–1, 2–7, 8–50 and >50 d); note that the final time bin 
varies between Days 50 and 1460 after a disturbance event. Data are means ± 
2 SE (from pooled SD for each plot); hence, there is no significant difference 
from a zero-response (no impact of trawling) if the error bar intersects the x-
axis. For certain combinations of fishing gear and habitat there were either 
insufficient or no data.. From Kaiser et al 2006. 
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0.2.15 Discards 
The total numbers of fish landed and discarded by the fleet considered in this study are given in Fig. 0-36. 
 
 
 
Fig. 0-36 – Numbers of landed and discarded fish for five selected species, all métiers pooled, according to three 
different methods: working group data (Method 1-top), simulation based on landings and selectivity (Method 2-
middle) and simulation IMARES model (Method 3-bottom). 
Fig. 0-36 indicates that Method 3 gives comparable results to the working group data. Consequently the 
results for Method 2 are not presented. The discard ratio is defined as the ratio of discard to total catch (no.s 
discarded/no.s in catch given as a percentage). Note that the discard data are based on simulation and should 
only be used for comparing the different scenarios in this project. 
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For the discards obtained according to Method 3, the tuning of the factors of gear selectivity is done by visual 
interpretation of the reported landings against the modeled landings (Fig. 0-37) within the limits of published 
selectivity values. A change in one of the gears results in changes in the catches of the other gears, which 
complicates the tuning.  
The goal of the modeling exercise is to estimate the total catch of the different métiers based on realistic gear 
characteristics and gear efficiencies, thus not to mimic exactly the reported landings. First of all, these 
landings are not the total catch in which we are interested, and the landings are influenced by fishermen 
considerations as high grading or selection of target species. But probably of more influence is that we have 
no seasonality in the model. The fish distribution is based on surveys that took place in a single quarter, while 
the effort is summed over the whole year without any time step in it. Including fish distribution patterns 
based on surveys over the whole year would improve the input fish abundance and then would the inclusion 
of time steps in effort significantly improve the modeled estimates. Another issue is that the total catch is 
considered as lost for the population, thus a mortality of 100% is assumed. Thus what one vessel discards 
can’t be caught by another vessel anymore. These considerations make the tuning to exactly the reported 
landings useless. The observation that without major changes, we are in a similar range of values as reported 
makes the model trustworthy.  
The total landings and discards estimated by the model per gear type for each species are shown in Fig. 0-38. 
It is clear from this figure that plaice is the main species caught, landed and discarded. The percentages of 
discards compared to the total catch are shown in Table 0-21 and Table 0-22. For the gears we have discard 
information based on the Dutch discard program, the large beam trawls (Beamhp3), it is shown that these 
percentages are comparable to what is observed. The average discard rate of plaice in numbers was 86%  and 
in weight 54%, while we model a percentage of 83.3% in numbers and 57.4% in weight. The observed values 
of this gear for sole were 29%  in numbers and 13% in weight. While the modeled values are 12.6% and 6.3%, 
which is a clear underestimation, however beamhp2 has much higher values and probably overestimated the 
discards.  
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Fig. 0-37 - The reported landings (True) and the modeled landings (Mod) of 
plaice, sole and cod in numbers.  
The order of the gears on the x-as is similar to Table 0-21. The first 4 are 
beam trawl métiers, then 6 otter trawl métiers and 4 static gear métiers.  
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Fig. 0-38 - Above the total landings grouped per gear type (otter trawl, beam trawl, static gear) for cod, haddock, plaice, sole and whiting. Below the discards for the same gear types and 
species.  
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Table 0-21: Percentage discards of the total catch in numbers 
species BeamHp1 BeamHp2 BeamHp3 BeamHp4 Otter1 Otter2 Otter3 Otter4 Otter5 Otter6 Stat1 Stat2 Stat3 Stat4 Total 
Cod 59.4 62.2 72.1 55.7 29.2 28.8 42.8 63.8 61.7 59.5 20.8 27.4 33.7 31.9 54.5 
Haddock 38.0 51.2 20.1 51.8 45.2 24.6 69.9 15.0 52.3 23.0 69.6 92.6 71.6 90.3 38.2 
Whiting 95.8 86.8 83.0 84.2 24.9 53.1 66.5 71.3 67.1 89.7 72.1 76.6 95.9 79.8 79.9 
Plaice 96.5 85.0 83.3 63.0 56.0 57.2 82.5 64.7 79.1 68.7 56.2 62.0 32.3 28.4 81.1 
Sole 63.5 58.4 12.6 56.7 42.2 33.9 33.8 31.8 41.7 59.3 27.1 28.8 1.2 22.0 37.4 
Total 86.4 82.5 79.6 64.4 47.2 48.8 77.2 64.2 74.2 66.0 53.8 57.8 32.7 27.9 76.9 
 
Table 0-22: Percentage discards of the total catch in weight.  
species BeamHp1 BeamHp2 BeamHp3 BeamHp4 Otter1 Otter2 Otter3 Otter4 Otter5 Otter6 Stat1 Stat2 Stat3 Stat4 Total 
Cod 16.8 18.5 24.9 16.0 10.0 8.4 12.0 19.9 21.5 24.3 1.4 3.0 1.8 6.2 13.0 
Haddock 22.0 30.8 10.3 31.3 27.1 12.2 45.9 7.3 27.4 12.0 33.4 66.2 21.3 77.7 20.5 
Whiting 87.9 70.6 66.8 67.8 13.5 33.5 51.0 56.3 50.6 82.4 41.5 46.8 80.0 62.5 60.1 
Plaice 85.5 59.3 57.4 39.0 38.1 32.9 60.6 40.6 56.4 43.4 39.1 41.7 22.7 18.7 54.5 
Sole 43.3 38.1 6.3 36.6 22.5 16.3 18.0 16.8 22.9 37.0 14.0 14.3 0.4 11.6 18.9 
Total 65.5 56.2 51.9 39.5 26.6 23.5 52.7 40.3 49.4 44.8 30.3 35.0 20.5 17.3 48.1 
 
 
 
 
Fleet code Gear Vessel length
Beamhp1 TBB 12-24
Beamhp2 TBB 24-40
Beamhp3 TBB >40
Beamhp4 TBB 24-40
OtterFish1 OTB 12-24
OtterFish2 OTB 24-40
OtterFish3 OTT 12-24
OtterFish4 OTT 24-40
OtterFish5 OTX 12-24
OtterFish6 OTX 24-40
Stat1 GNS <18
Stat2 GNS >18
Stat3 GTR <18
Stat4 GTR >18
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Fig. 0-39 – Discard ratios for five selected species – based on simulation model (Piet et al., 2009) (Method 3) 
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Fig. 0-40 – Discard ratios for five selected species – whole fleet (top left), by vessel length (top mid), by mesh size (top right) and by gear type (bottom) 
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Fig. 0-41 – Numbers of fish discarded per day fishing 
 
 
Fig. 0-42 – Numbers of fish discarded per kWday fishing
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0.2.16 Long term effects of discarding, effects on commercial yields from the fishery 
The results from the 10 year VPA simulation carried out in this project are presented in Table 0-23 and Table 
0-24 and in figures 1-12. 
Table 0-23: Yields (weight in tonnes) after a 10 year projection for plaice, sole, cod, haddock and whiting and their % 
change (∆) relative to the baseline projection.  
  
0.2.16.1 Yields 
Plaice 
Under the scenario of a complete cessation of discarding by all métiers exploiting this stock, i.e. assuming 
those fish that were discarded were not caught, plaice yield was forecast to increase by 44% after 10 years 
relative to the status quo shown by the baseline forecast. English, Dutch, Belgian and Danish contributions to 
the gear-mesh métiers demonstrate little gain in yield with a cessation in plaice discards with the exception of 
TBB80. If plaice discards were removed from catches in TBB80 (for UK, NL, BE, DN vessels) plaice yield was 
forecast to be 33% higher than the baseline. 
Cod 
Under the scenario of a complete cessation of discarding, i.e. assuming those fish that were discarded were 
not caught, cod yield increases by 28% after 10 years relative to the status quo shown by the baseline 
forecast. English, Dutch, Belgian and Danish contributions to the gear-mesh métiers demonstrate little gain in 
yield with a cessation in cod discards. The highest gains were to English, Dutch, Belgian and Danish vessels 
within the métiers of TBB80, TBB120 and OTB100 with 8%, 5% and 3% respectively.   
Haddock 
Under the scenario of a complete cessation of discarding, i.e. assuming those fish that were discarded were 
not caught, haddock yield was forecast to decrease by 13% after 10 years relative to the baseline forecast. 
English, Dutch, Belgian and Danish contributions to the gear-mesh métiers demonstrate no difference in 
haddock yield towards haddock.  
Whiting 
gear/mesh year ple cod had whg sol %∆ple %∆cod %∆had %∆whg %∆sol
GTR90 2016 99591.52 60599.75 19724.48 10214.61 0.0 0.0 0.0 0.1
GTR120 2016 99627.72 60652.68 48032.49 19725.52 10203.86 0.0 0.1 0.0 0.0 0.0
PTB80 2016 99591.07 61001.65 47970.99 19642.87 10206.25 0.0 0.7 -0.1 -0.4 0.0
No discards 2016 143408.6 77818.49 41826.89 14219.04 12194.03 44.0 28.4 -12.9 -27.9 19.5
Baseline 2016 99586.54 60589.74 48032.85 19725.85 10203.83 0.0 0.0 0.0 0.0 0.0
OTB80 2016 99921.21 60919.17 48029.97 19639.66 10224.12 0.3 0.5 0.0 -0.4 0.2
OTB100 2016 99828.71 62287.83 47959.97 19660.13 10221.95 0.2 2.8 -0.2 -0.3 0.2
OTB120 2016 99590.11 60783 48023.07 19723.02 10204.92 0.0 0.3 0.0 0.0 0.0
OTT80 2016 99802.98 60775.26 48032.66 19633.96 10213.65 0.2 0.3 0.0 -0.5 0.1
OTT100 2016 99619.84 60617.52 48032.74 19725.19 10204.87 0.0 0.0 0.0 0.0 0.0
OTX80 2016 99608.31 60629.83 48032.83 19700 10280.76 0.0 0.1 0.0 -0.1 0.8
GNS90 2016 99992.29 60672.92 48032.83 19724.11 10243.72 0.4 0.1 0.0 0.0 0.4
GNS100 2016 99722.72 60619.69 48032.82 19724.93 10221.02 0.1 0.0 0.0 0.0 0.2
GNS120 2016 99701.8 60812.79 48029.82 19724.15 10204.03 0.1 0.4 0.0 0.0 0.0
SDN80 2016 99740.84 60617.89 48032.8 19725.85 10203.86 0.2 0.0 0.0 0.0 0.0
SDN100 2016 99590.01 60589.76 48032.83 10203.84 0.0 0.0 0.0 0.0
SDN120 2016 99650.83 61091.86 48027.54 19725.85 10203.85 0.1 0.8 0.0 0.0 0.0
TBB80 2016 132324.6 65137.92 48021.28 17771.42 11906.22 32.9 7.5 0.0 -9.9 16.7
TBB100 2016 102134.2 61124.79 48031.56 19508.54 10281.25 2.6 0.9 0.0 -1.1 0.8
TBB120 2016 100214.7 63478.53 48030.97 19696.01 10205.71 0.6 4.8 0.0 -0.2 0.0
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Under the scenario of a complete cessation of discarding, whiting yield decreases by 28% after 10 years 
relative to the baseline forecast. English, Dutch, Belgian and Danish contributions to the gear-mesh métiers 
demonstrate no difference in yield with a cessation in whiting discards with the exception of TBB80. If whiting 
discards were removed from catches in TBB80 (for EN, NL, BE, DN vessels) whiting yield was forecast to be 
10% lower than the baseline. 
Sole 
Under the scenario of a complete cessation of discarding, sole yield increases by 20% after 10 years relative to 
the baseline forecast.  English, Dutch, Belgian and Danish contributions to the gear-mesh métiers show little 
gain in yield with a cessation in sole discards with the exception of TBB80. If sole discards were removed from 
catches in TBB80 (for EN, NL, BE, DN vessels) sole yield was forecast to be 17% higher than the baseline. 
Table 0-24: Spawning stock biomass (SSB, weight in tonnes) after a 10 year projection for plaice, sole, cod, haddock 
and whiting and their % change (∆) relative to the baseline projection. 
 
 
0.2.16.2 Spawning Stock Biomass 
Plaice 
Under the scenario of a complete cessation of discarding, i.e. assuming those fish that were discarded were 
not caught, plaice SSB was forecast to increase by 196% after 10 years relative to the status quo shown by the 
baseline forecast. This indicates that if fish currently discarded in this fishery were not caught, the spawning 
stock biomass would double in ten years relative to the status quo.  If plaice discards were removed from 
catches in TBB80 (for EN, NL, BE, DK vessels) plaice SSB was forecast to be 115% higher than the baseline. 
English, Dutch, Belgian and Danish contributions to the other gear-mesh metiers demonstrate little gain in SSB 
with a cessation in plaice discards with the exception of TBB100 at 10%. 
Cod 
Under the scenario of a complete cessation of discarding, i.e. assuming those fish that were discarded were 
not caught, cod SSB increases by 63% after 10 years relative to the status quo shown by the baseline forecast. 
English, Dutch, Belgian and Danish contributions to the gear-mesh metiers demonstrate little gain in SSB with 
a cessation in cod discards with the exceptions of TBB80 and TBB120. If cod discards were removed from 
gear/mesh year ple cod had whg sol %∆ple %∆cod %∆had %∆whg %∆sol
GTR90 2016 239011.4 95461.87 73889.17 29196.5 0.0 0.0 0.0 0.3
GTR120 2016 239741 95646.47 146149.6 73885.25 29106.86 0.3 0.2 0.0 0.0 0.0
PTB80 2016 238999.3 96757.97 147305.2 74193.96 29122.18 0.0 1.4 0.8 0.4 0.1
No discards 2016 706175.1 155983.6 220700.7 93388.53 45022.22 195.5 63.5 51.0 26.4 54.7
Baseline 2016 238960.9 95419.34 146144.4 73884.19 29106.54 0.0 0.0 0.0 0.0 0.0
OTB80 2016 241659.2 96501.94 146195.4 74199.55 29253.86 1.1 1.1 0.0 0.4 0.5
OTB100 2016 242289.7 101860.5 147408.8 74129.21 29226.38 1.4 6.8 0.9 0.3 0.4
OTB120 2016 239029.2 96236.25 146333.8 73894.78 29114.02 0.0 0.9 0.1 0.0 0.0
OTT80 2016 240727.2 95999.71 146147.9 74220.18 29189.4 0.7 0.6 0.0 0.5 0.3
OTT100 2016 239355.1 95525.41 146146.4 73886.61 29114.91 0.2 0.1 0.0 0.0 0.0
OTX80 2016 239155.4 95566.77 146144.8 73978.3 29572.23 0.1 0.2 0.0 0.1 1.6
GNS90 2016 242658.8 95730.19 146144.6 73890.49 29406.24 1.5 0.3 0.0 0.0 1.0
GNS100 2016 240597.6 95521.64 146144.5 73887.21 29234.6 0.7 0.1 0.0 0.0 0.4
GNS120 2016 241139.4 96245.72 146191.1 73889.97 29108.59 0.9 0.9 0.0 0.0 0.0
SDN80 2016 240243.3 95515.99 146145.2 73884.19 29106.77 0.5 0.1 0.0 0.0 0.0
SDN100 2016 238993.5 95419.4 146144.6 29106.55 0.0 0.0 0.0 0.0
SDN120 2016 239559.6 97121.24 146253.4 73884.19 29106.66 0.3 1.8 0.1 0.0 0.0
TBB80 2016 514034.3 110469 146348.4 80826.23 42394.55 115.1 15.8 0.1 9.4 45.7
TBB100 2016 263060.9 97142.11 146168.1 74672.19 29735.94 10.1 1.8 0.0 1.1 2.2
TBB120 2016 248051.2 104971.8 146179.1 73993.15 29121.49 3.8 10.0 0.0 0.1 0.1
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catches in TBB80 (for EN, NL, BE, DK vessels) cod SSB was forecast to be 14% higher than the baseline. The 
equivalent figure was 9% for TBB80. 
Haddock 
Under the scenario of a complete cessation of discarding, i.e. assuming those fish that were discarded were 
not caught, haddock SSB increases by 51% after 10 years relative to the baseline forecast. English, Dutch, 
Belgian and Danish contributions to the gear-mesh metiers demonstrate <1% gain in SSB with a cessation in 
haddock discards. This demonstrates that haddock discards are low in the metiers/countries investigated 
here. 
Whiting 
Under the scenario of a complete cessation of discarding, whiting SSB increases by 26% after 10 years relative 
to the baseline forecast. English, Dutch, Belgian and Danish contributions to the gear-mesh metiers 
demonstrate little gain in SSB with a cessation in whiting discards with the exceptions of TBB80. If whiting 
discards were removed from catches in TBB80 (for EN, NL, BE, DK vessels) whiting SSB was forecast to be 9% 
higher than the baseline. A relatively large proportion of whiting is discarded at an old age. Reducing fishing 
mortality in proportion to the numbers of these unwanted fish, combined with the limited scope for somatic 
growth of whiting, led to an overall reduction in yield with a cessation of discarding. 
Sole 
Under the scenario of a complete cessation of discarding, sole SSB increases by 55% after 10 years relative to 
the baseline forecast. English, Dutch, Belgian and Danish contributions to the gear-mesh metiers demonstrate 
little gain in SSB with a cessation in sole discards with the exceptions of TBB80. If sole discards were removed 
from catches in TBB80 (for EN, NL, BE, DK vessels) sole SSB was forecast to be 45% higher than the baseline.  
0.2.16.3 Summary 
• With a cessation of discarding by all metiers, i.e. assuming those fish that were discarded were not caught, 
SSB was forecast to increase substantially for all species (plaice, cod, whiting, haddock and sole) relative to 
the status quo. 
• With a cessation of discarding by all metiers, i.e. assuming those fish that were discarded were not caught, 
yield was forecast to increase substantially for plaice, sole and cod. 
• In the North Sea large quantities of discarded plaice and sole are generated by the beam trawl 80mm cod-
end mesh métier (TTB80). Consequently, a cessation in discards in this metier gave the largest forecast 
gains in both SSB (115% plaice, 46% sole) and yield (33% plaice, 17% sole) of all the scenarios investigated. 
 
The figures on harvest, yield, SSB and recruits are given in Fig. 0-43 to Fig. 0-48. The figures on catch numbers 
are given  
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GTR90/GTR120/PTB80  
Fig. 0-43 - (top left and right, cod and haddock, middle left and right plaice and sole and bottom left whiting). 
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OTB80/OTB100/OTB120  
Fig. 0-44 - (top left and right, cod and haddock, middle left and right plaice and sole and bottom left whiting). 
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OTT80/OTT100/OTX80  
Fig. 0-45 - (top left and right, cod and haddock, middle left and right plaice and sole and bottom left whiting). 
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GNS90/GNS100/GNS120 
Fig. 0-46 - (top left and right, cod and haddock, middle left and right plaice and sole and bottom left whiting). 
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SDN80/SDN100/SDN120 
Fig. 0-47 - (top left and right, cod and haddock, middle left and right plaice and sole and bottom left whiting). 
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TBB80/TBB100/TBB120 
Fig. 0-48 - (top left and right, cod and haddock, middle left and right plaice and sole and bottom left whiting). 
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0.2.17 Geographical distribution of fleet activity 
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0.3 Discussion and conclusions 
The flatfish fishery in the North Sea is a fishery in transition. The persistent criticism on environmental impact 
of fishing has been an important driver. Beam trawling has been the centre of attention in this respect but 
several fishing methods have had their share. Seafloor impact is evident for otter trawling as well, not with the 
same intensity as beam trawling but with a much larger fished surface. Discarding is not the monopoly of 
trawling. Set nets as well as demersal seines, as used today, have selective characteristics that can lead to high 
discard rates. The by-catch of marine mammals is a serious drawback for the use of set nets, not yet a threat 
for the populations but undoubtedly a problem to deal with if fishing effort were to increase significantly. 
Fishing has consequences for seabirds. Some die by the interaction with fishing gear but the major impact is 
caused by discards being an important food source for a selection of species and not for others. Initiatives like 
the MSC-label have increased the pressure to make fisheries more sustainable. Not so much the awareness of 
the consumer but the commercial interest of the retail that uses "green fish" for promotion makes fishermen 
concerned and increasingly open for change. The main driver though, as became clear with the fuel crisis in 
2008 that persisted not much more than half a year, is the unpredictability of the fuel price which led to 
changes in the fleet. Fuel saving techniques like the fuel consumption meter, the Sumwing, Dyneema netting 
and modernization of engine and propeller already reduced the fuel bill. Several vessels now tow different 
(lighter) gears like the outrigger trawl as an alternative for the beam trawl. Others have joined the passive 
fishing fleet like the Dutch MSC-labelled set netters. A fishing method like flyshooting has appeared in a 
modern version, is fuel efficient, produces premium quality fish, has low environmental impact but already 
shows signs to be threatened by its high fishing efficiency.  
Transition and adaptation to new situations bring new problems and regular evaluation is necessary to guide 
the transitional process. Managing this process needs a good knowledge of the fishery. For this, a good 
knowledge of a standard in the past to compare with is needed. This project makes an attempt to present 
information in an accessible way on the fishery and integrates technical, biological, ecological and economic 
information and, as such, presents a rather complete picture of the fishery (Section B of this report).  
In order to assist in assessing the possible consequences of management measures, this report presents four 
different scenarios based on technical and operational changes to the fleet. The information in the scenarios 
follows the template used to describe the baseline fishery in 2006 as presented in this part of the report. The 
scenarios were selected to address following demands: 
5. increase the yield and biomass of the stocks 
6. increase the fuel efficiency of the fleet 
7. increase the yield and biomass of the stocks, increase fuel efficiency and decrease environmental 
impact 
8. increase fuel efficiency and decrease environmental impact 
Many options are available and the choice has been based on expert judgment which inevitably holds a 
degree of subjectivity. Section G of this report gives an overview of possible alternatives for the traditional 
flatfish fishery. Following scenarios were selected: 
• Scenario 1:  a general increase in mesh size (Section C) 
• Scenario 2a:  introduction of the Sumwing (Section D) 
• Scenario 2b:  replacement of beam trawls with pulse trawls and outriggers (Section D) 
• Scenario 3:  a full conversion to static gear (Section F) 
This project did not allow analyzing many scenarios so small steps or transitional phases were not addressed. 
The selected scenarios are big steps representing a full transition. 
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The flatfish fishery in the North Sea is dominated by large vessels and beam trawls. The 80mm mesh is "the" 
mesh size for the sole fishery but is also the most important mesh size for plaice. The fishery generates 
positive operational profits (before taxes and financial costs) for each length class, each gear group and each 
mesh group. When looking in detail at a finer métier level, there is a huge variation in profitability and some 
métiers make financial losses. 
Larger vessels target flatfish which is the vast majority of the landings and income. As vessels get smaller, the 
landings consist of an increasing variable mix of species. When comparing the amount of fuel and the amount 
of labor needed to generate a unit of income, it is clear that the larger vessels strongly depend on fuel and the 
smaller vessel depend more on labor. The same can be concluded for the fishing method where the beam 
trawl depends more on fuel and less on labor compared to all other fishing methods.  
Trawling and especially beam trawling for flatfish are known as a fuel intensive fishing techniques. The nets 
can be relatively heavy, and tickler chains running over the sea bed numerous. In addition the towing speed 
can be high (6-7 kts). Expressed in liters of fuel used per kg fish, this project indicated an average for the larger 
vessels of almost 4 liters/kg fish (see Section 0.2.8) and according to van Marlen et al., 2008a, the maximum 
can be as high as 4.6 (Table 0-25). With the quite volatile fuel prices, which led to fuel costs of more than 40% 
of income in the past, the economic viability of this sector comes at risk. At present many in the fishing 
industry believe beam trawls with tickler chains have to be replaced by alternative, more fuel efficient and 
ecosystem friendly fishing gears. Many innovative projects are being carried out, e.g. in the Netherlands, 
Belgium and the UK to achieve this goal (van Marlen and de Haan, 1988; van Marlen et al., 2001; van Marlen, 
2003; van Marlen and van Duijn, 2004; de Haan et al., 2005; van Marlen et al., 2005a; van Marlen et al., 
2005b; van Marlen et al., 2008b; van Marlen et al., 2009a; van Marlen et al., 2009b; van Marlen et al., 2009c). 
Alternatives are based on new ways of stimulating fish (pulse trawl or HydroRig), and reducing gear drag 
(Outrigger, SumWing, Jack Wing). More detailed descriptions of these new gears are given in Section G of this 
report. 
Table 0-25: Liters fuel per kg fish, fuel costs as % of revenues and by fishing effort for a range of European fleet 
segments, year 2005-2006 (source: STECF, see also (van Marlen et al., 2008a), Table 1-4). 
Country Gear Length 
Liters / 
kg fish 
Fuel costs 
as % of 
i  
Liters / 
kW-day 
Target species  
 
BEL TBB 12-24 3.1 33% 8.566 Sole, other (40%) 
BEL TBB 24-40 3.5 36% 4.439 Sole, plaice, other (45%) 
DNK DTS 12-24 0.2 12% 1.693 Sprat, cod, plaice, other (30%) 
DNK PGP 00-12 0.3 5% 1.679 Cod, other (80%) 
FRA DTS 12-24 1.9 20% 3.674 Angler, cuttlefish, nephrops, other 
 FRA PGP 00-12 3.4 5% 0.900 Other (90%) 
IRL DTS 12-24 1.4 19% 4.553 Whiting, nephrops, other (50%) 
IRL DTS 24-40 1.7 20% 3.441 Whiting, nephrops, other (70%) 
IRL PTS 24-40 0.2 8% 6.551 Herring, horse mackerels 
IRL PTS 40-XX 0.1 12% 3.659 Blue whiting, mackerel, herring, 
  ITA DTS 24-40 4.4 28% 3.366 Shrimp, hake, other (50%) 
ITA PGP 00-12 1.7 11% 2.379 Other (90%) 
ITA PTS 24-40 0.3 11% 2.394 European anchovy 
ITA TBB 24-40 3.2 21% 4.246 Sole, molluscs 
NLD TBB 12-24 1.8 19% 7.316 Shrimp 
NLD TBB 24-40 4.6 36% 6.087 Plaice, sole, other (25%) 
NLD TBB 40-XX 3.8 39% 4.549 Plaice, sole, other (25%) 
GBR DTS 12-24 1.0 16% 3.194 Haddock, nephrops, other (20%) 
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Country Gear Length 
Liters / 
kg fish 
Fuel costs 
as % of 
i  
Liters / 
kW-day 
Target species  
 
GBR DTS 24-40 1.1 20% 3.808 Haddock, other (25%) 
GBR DTS 40-XX 1.4 29% 6.117 Cod, saithe, other (45%) 
GBR PTS 40-XX 0.2 11% 3.228 Herring, mackerel, blue whiting 
GBR TBB 24-40 2.5 33% 3.438 Plaice, angler, other (30%) 
Source : STECF-SGECA 08-02. Note: % between brackets refers to ‘other’ only. Only a limited number of main species is specified. 
In general it can be concluded that set nets and demersal seines are fuel efficient compared to all trawling and 
especially compared to beam trawling. 
Most of the gears treated in this project operate in mixed species fisheries. The mesh size used is usually 
chosen to catch the main target species, e.g. for sole 80 mm or 90 mm and for plaice 100 mm or 120 mm. This 
implies that the selectivity is non-optimal for other species, that enter the net, leading to by-catches and 
discarding of undersized fish and benthic invertebrates (Piet et al., 2000; van Keeken, 2006; van Helmond and 
van Overzee, 2007; van Helmond and van Overzee, 2008; Aarts and van Helmond, 2009).  
This report already indicates the gravity of the problem. Some extra examples of the order of magnitude of 
roundfish landings and discards in the Dutch demersal fleet is given in Table 0-26 and Table 0-27. The numbers 
are low, but noticeable is that in beam trawling the landings of whiting are of the same magnitude as in otter 
trawls, but the discards are substantially lower. 
 It is clear that the discard data obtained from sampling at sea are lower compared to the results obtained 
through simulation in this report, even taking into consideration that the observed data are expressed as 
weight and the simulated data as numbers.  
Table 0-26: Landings of cod (COD) and whiting (WHG) in Dutch demersal fisheries (See (Beare and van Helmond, 2009)) 
Gear type
  
Year Fishing effort 
(h at sea) 
COD Landings 
(tonnes) 
COD landings (kg/h) WHG Landings 
(tonnes) 
WHG landings 
(kg/h) 
Beam trawl 
(>2000 hp) 
2007 171667 471 2.7 294 1.7 
 2008 113560 421 3.8 203 1.8 
Otter trawl 2007 92115 326 3.5 230 2.5 
 2008 103151 505 4.9 204 2.0 
 
Table 0-27: Discards of cod (COD) and whiting (WHG) in Dutch demersal fisheries from sampled trips (See (Beare and 
van Helmond, 2009)) 
Gear type
  
Year # trips 
sampled 
COD Landings 
(kg/h) 
COD discards (kg/h) WHG Landings 
(kg/h) 
WHG discards (kg/h) 
Beam trawl 
(>2000 hp) 
2007 -
2008 
19 1.82 0.61 2.85 0.34 
Otter trawl 2007 -
2008 
6 4.29 0.82 0.59 7.0 
 
Detailed aspects of selectivity are mentioned in Section 0.5.  
Three fisheries in the North Sea are considered responsible for most of the discarded material, namely: the 
flatfish beam trawl fishery (targeting plaice, Pleuronectes platessa and sole, Solea solea),the Nephrops otter 
trawl fishery (targeting N. norvegicus) and the roundfish otter trawl fishery (targeting cod, Gadus morhua, 
haddock, Melanogrammus aeglefinus and whiting, Merlangius merlangus), (Catchpole et al., 2005). The most 
commonly discarded species for beam trawlers, otter trawlers and Nephrops trawlers (numbers combined) 
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were: dab (Limanda limanda), whiting (Merlangius merlangus), plaice (Pleuronectes platessa),Norway lobster 
(Nephrops norvegicus), cod (Gadus morhua), long rough dab (Hippoglossoides platessoides), haddock 
(Merlanogrammus aeglefinus), lemon sole (Microstomus kitt), sole (Solea solea) and five species of gurnard 
(Triglidae). 
In general it can be concluded from this project that all gear types in this study potentially suffer from high 
discard ratios (Fig. 0-40). 
Bottom impact and effects on the marine ecosystem were found to be considerable for beam trawls. Marine 
ecosystems can change in species composition due to trawling with heavy gears. Short lived highly 
reproductive benthic species become more abundant compared to long lived slowly reproductive species. 
More insight in this issue is given in several sections in this report but in general, the impact of beam trawls 
can be considered high enough to take measures and investigate improvements to the fishing method.  
Recent studies resulted in new insight in bottom impact of otter trawls. In the EU-project DEGREE this issue 
was addressed thoroughly. A recent bottom impact study was carried out from FRV “G.O. Sars” in Nov-Dec 
2008 in the Varanger fjord in northern Norway using a “Selstad 444” bottom trawl with a rockhopper and a 
plate ground rope, and a headline and fishing line length of 45.6 m and 25.4 m respectively. The rigging 
consisted of: Thyborøn doors 120” Type 12, the rockhopper gear was built up by rubber disks drawn on a 
chain. These were 18” in the mid sections and 16” in the wing ends. The distance between the dishes was 21 
cm (8”) in the middle and 42 cm (16”) in the sides. Between the dishes rubber pieces (8”) were inserted. The 
modified plate gear was built up by rubber plates 500 mm x 540 mm. A total of 7 specially designed bobbins 
were inserted between the plates to lift them of the bottom. Three 16” bobbins in the midsection were 
mounted directly on a 19 mm chain between the plates. Four bobbins, two on each side, were mounted in a 
special frame between the plates. 
Most noticeable were the furrows produced by the trawl or otter boards, that may reach 100-200 mm into the 
sediment, although by rigging doors differently the pressure on the sea bed can be greatly reduced. The effect 
of sweeps and ground rope are less pronounced, depending on their construction. Rubber discs and bobbins 
of a ‘rockhopper’ type of ground rope may reach penetration depths of  about 30-50 mm, and the plate gear 
about 10 mm, showing that with alterations to the ground rope impacts on the sea bed can be reduced (Vold 
et al., 2008).  
A general detailed description of the environmental impact of otter trawl can be found in Section F of this 
project report. 
The fuel consumption of set nets is usually a lot less than in towed gears, and does not form a real problem in 
economic terms. These nets are usually deemed rather selective with catches at maximum for a given size, 
and dropping when at lower or higher lengths (Hovgård et al., 1999; Madsen et al., 1999). Detailed aspects of 
selectivity are mentioned in Section 0.5. This report, however, indicates that discarding is not only the 
problem of towed fisheries but also of set net gear. 
Non-fish by-catches occur, e.g. marine mammals and sea birds. Good quantitative data are rare but 
circumstantial evidence is clear enough to consider the by-catch of marine mammals in the North Sea may be 
a problem to follow-up and take action against. Regional and seasonal closures and the use of pingers are 
options to reduce the problem. An observed level of fishing mortality of harbor porpoise >1.1% is considered 
to be not problematic since it lies under 1.8% which has been set to be the threshold value for increased risk 
of population decline. 
The bottom impact of set nets is very low. 
Comparing fishing gears is not a straightforward exercise. Different methods may lead to different conclusions 
and results should be interpreted with caution. Despite that, an attempt was made to present a shortlist of 
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parameters describing the performance of a fishing method and attaching a score to it. Therefore, each of the 
32 métiers were scored with following parameters expressed per unit of landed value: 
• profit, employment, fuel efficiency, surface fished, sediment displaced, by-catch of mammals and 
birds, sole and plaice discards and roundfish discards. 
For each parameter, the métiers were ranked. The average of the ranks per gear group were used to score the 
method. The results are presented in Fig. 0-49.  
 
 
Fig. 0-49 - Scoring of the different fishing methods 
 
Grift et al., 2005 investigated the potential of management measures to create a sustainable plaice fishery in 
the North Sea: 
The situation in 2005 was described as follows: “Spawning stock biomass (SSB) of plaice decreased 
substantially since the late 1980s and the most recent stock assessment shows that the stock has been below 
the precautionary biomass level of 230.000 tons since 1994. (By 2010, this situation has significantly 
improved.) In 2003, the European Commission ordered a recovery plan for plaice and in response, the Dutch 
fishing industry wrote a proposal in 2004 for a sustainable management in which it suggested a series of 
possible management measures. Aspects under study were: 1) discards; 2) spatial distribution and growth; 3) 
mesh size selection; 4) sketch of management options.” 
It was concluded that an effective reduction in actual fishing effort, either by a reduction in the number of 
vessels, by a decrease in the number of fishing days or by a decrease in the fishing efficiency, would provide 
the best and most rapid contribution to the recovery of the SSB of plaice, subject to uncertainties in the actual 
increase of SSB. An increase in mesh size from 80 to 100 mm was deemed to rebuild the SSB of plaice 
substantially, but such a mesh size would be too small to carry out a profitable fishery for sole, and therefore 
be unacceptable to the fishing industry. 
The effectiveness of effort reduction was seen to depend on the season in which this reduction is  to be 
applied. In the spawning period, in particular in January and February, the reduction would have the greatest 
benefit for the adult fish, which is then concentrated on the spawning grounds in the southern and south-
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eastern part of the North Sea. The vulnerability for exploitation of undersized plaice is relatively low in this 
period. Reducing the discarding of undersized plaice will according to the authors best be achieved by 
reducing fishing effort later in the year, especially in the 3rd and 4th quarter when a new year-class recruits 
from the inshore nursery grounds to the offshore fishing grounds. It was tentatively concluded that effort 
reductions could best be applied in the period January-February and evenly spread out during the second half 
of the year. 
Effort reduction could in the view of the authors become even more effective if accompanied by Real Time 
Closure’s (RTCs, areas that are temporarily closed by the fishing industry to the fishery when high discard 
percentages are observed in that area). Although the ultimate effect of a RTC is difficult to quantify, RTCs may 
prevent excessive discarding when high concentrations of undersized plaice temporarily occur. To be effective 
RTCs require full compliance by the industry. 
High-grading was mentioned as a practice affecting discards although no quantitative information was 
available at the time. The authors concluded that high-grading may result from quota management that 
restricts the fishery for one species but allows the fishery for another species to continue. Consequently a 
reduction in fishing effort was deemed to contribute to lesser high-grading and to a reduced risk that the 
fisheries management gets trapped in a spiraling downward mechanism by under-estimating catches, under-
estimating stock sizes, assigning TACs that are too low and thus to more high-grading even. Since 2009 the 
high-grading practice is officially prohibited, however enforcement of the rule is very difficult. 
The impact of potential gear modifications or shifts in gear types was briefly mentioned. In the longer term, 
the development of more selective fishing gear for sole with a lower by-catch of plaice was advocated to 
improve the exploitation of North Sea plaice especially when the growth rate of plaice would continue to be 
low as compared to the 1970s and 1980s. Since the sharp rise in fuel price in 2008 a substantial number of 
beam trawlers was decommissioned and therefore fishing effort was reduced mainly driven by economic 
incentive. 
In order highlight the effects of technical and operational changes to the North Sea flatfish fleet, 4 different 
scenarios were investigated in this project of which the results are presented in Section C, D and E of this 
report. 
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0.5 Annex 1 – Selectivity of the gears in the project 
The different selectivity ogives resulting from this meta analysis are presented in Section C. 
0.5.1 Selectivity of Otter trawls and demersal (Danish) seines 
This section reviews the particular gears used by the segments/métiers with depending on the availability of 
data qualitative, semi-quantitative or quantitative assessment of unaccounted mortality. 
0.5.1.1 Defining size selectivity of towed gears 
The logistic function is commonly used to describe selection curves for towed gears (Millar and Fryer, 1999; 
Wileman et al., 1996): 
 
where R(L) is the probability that a fish of length L is retained in the codend and a and b, represent the intercept 
and slope respectively after a logit transformation where: 
 
b = SR / 2 loge 
 
(3) = SRA * MS / 21.97 
and  
 
a = -L50 * b = -SF * MS * b/10 
 
The logistic function can also be expressed by:  
 
R(L) = 1 / 3 ((L50)-L)/(L50-L25) 
 
+ 1 
The selection curve will, however, normally be described by the selectivity parameters L50 (50% retention 
length) and SR (selection range) where (Wileman et al., 1996): 
L50 = -a/b    
SR = L75-L25 = 2 loge 
 
(3)/b ≈ 2.197/b 
or by the selection factor (SF) or selection ratio (SRA) where the selectivity is expressed relative to the mesh 
size:  
SF = L50*10/Mesh size           
SRA = SR/L50 ⇔ SR = SRA*L50       
  
 bl)  (a exp  1
bL)  (a exp R(L) ++
+
=
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The comparison of selectivity ratios is necessary because SR can increase with mesh size and hence L50 
(Madsen et al., 2007).  
0.5.1.2 Selectivity of plaice in standard trawl codends 
There are a number of older selectivity studies that available. The main parts of these data are collated for 
gears having other net materials than used today. In general it is thinner twine than used today. Furthermore, 
the used methodology particularly for the data analysis are not in coincidence with recommended standards 
of today (Wileman et al., 1996).  
 
Table: Older estimates for plaice in standard trawl codends. 
ICES 
area 
No. 
hauls 
Method Net Mesh 
(mm) 
L50 (cm) SR (cm) SF SRA Reference 
IVc 
IVc 
IVc 
IVc 
IVc 
IVc 
IVc 
IVc 
 
IV 
 
IVb 
IVb 
 
IV 
IV 
IV 
IV 
4 
14 
5 
21 
5 
7 
4 
6 
 
9 
 
8 
8 
 
6 
6 
6 
6 
 
HC-NS 
HC-NS 
HC-NS 
HC-NS 
HC-NS 
HC-NS 
HC-NS 
HC-NS 
 
? 
 
? 
? 
 
? 
? 
? 
? 
 
72.7 
83.1 
86.2 
74.8 
76.9 
80.0 
72.7 
71.7 
 
79.6*
 
1 
85.2 
90.4 
 
81.0 
79.0 
80.0 
77.9 
D-MA 
D-MA 
D-MA 
D-HE 
D-HE 
D-HE 
D-HE 
D-HE 
 
D-PA 
 
S-PA 
S-PA 
 
D-PE 
D-PE 
D-PE 
D-PE 
13.9 
18.6 
19.0 
16.8 
17.3 
17.1 
16.8 
17.0 
 
16.5 
 
17.3 
18.0 
 
16.8 
17.5 
16.8 
17.6 
2.8*
1.3*
2 
1.6*
2 
1.1*
2 
1.4*
2 
1.7*
2 
1.0*
2 
1.0*
2 
 
2 
1.8 
 
2.1 
2.4 
 
1.1 
1.2 
1.2 
1.3 
1.91 
2.24 
2.20 
2.25 
2.25 
2.14 
2.31 
2.37 
 
2.07 
 
2.03 
1.99 
 
2.07 
2.22 
2.10 
2.26 
0.201 
0.070 
0.084 
0.065 
0.081 
0.099 
0.060 
0.059 
 
0.109 
 
0.121 
0.133 
 
0.065 
0.069 
0.071 
0.074 
Boerema, 1956 
Boerema, 1956 
Boerema, 1956 
Boerema, 1956 
Boerema, 1956 
Boerema, 1956 
Boerema, 1956 
Boerema, 1956 
 
Roessingh, 1960 
 
Bohl, 1966 
Bohl, 1966 
 
Boerema, 1958 
Boerema, 1958 
Boerema, 1958 
Boerema, 1958 
D: double; MA: Manila; HE: Hemp; HC: hoped cover; NS: non-statistical fitting of selection curves. CS: cover 
supported by kites or hoops; PG: paired gear using small meshed control codend in one side; D: double twine; 
PE: Polyethylene; Mesh measurements corresponds a legal EEC wedge gauge (5 kg hanging weight) as 
specified in the Fisheries Regulations. Measurements with an ICES gauge 4 kg tension (Wileman et al., 1996) 
are adjusted by 3.9% (Ferro and Xu, 1996). *1 West-hoff 3.5 kg gauge. *2
 
 Provided in Holden (1971).  
There are a number of more recent experiments using adequate methodology (Wileman et al., 
1996). These data are listed in the Table below. These experiments are conducted in the Skagerrak 
area. There are no reent data available for the North Sea area. 
Frandsen et al. (submitted) found that escape of plaice occurs in both the top and bottom panel of 
the codend with no statistical (P > 0.05) significant difference from a 50% split.  
 
Table: Recent estimates of the selectivity of trawl standard codends from recent experiments. All experiments are 
conducted from commercial vessels. Selection curves are fitted by a logistic model. Confidence interval (95%) is 
indicated. All experiments are conducted in ICES area IIIa. 
No. 
hauls 
Method Net Mesh 
(mm) 
L50 (cm) SR (cm) SF SRA Reference 
16  
18 
18 
6 
20 
CS 
PG 
CS 
CS 
CC 
4 mm D-PE 
5 mm D-PE 
5 mm D-PE 
 5 
mm D-PE 
99.4 
96.1 
94.3 
95.0 
99.3 
21.3 (15.8-26.8) 
21.9 (21.3-22.6) 
19.1 (18.3-19.8) 
19.8 (18.9-20.6) 
21.4 (21.0-21.8) 
2.77 (2.20-3.33) 
2.49 (1.09-3.89) 
3.45 (2.90-4.00) 
3.60 (2.85-4.35) 
2.53 (2.34-2.72) 
2.14 
2.28 
2.02 
2.08 
2.15 
0.130 
0.114 
0.181 
0.182 
0.118 
Madsen et al., 2008 
Frandsen et al., 2009 
Frandsen et al., submitted 
Frandsen et al., submitted 
Madsen et al., 2008 
Page 112 of 146 
 
4 mm D-PE 
CS: cover supported by kites or hoops; PG: paired gear using small meshed control codend in one side; D: 
double twine; PE: Polyethylene; Mesh measurements corresponds a legal EEC wedge gauge (5 kg hanging 
weight) as specified in the Fisheries Regulations. Measurements with an ICES gauge 4 kg tension (Wileman et 
al., 1996) are adjusted by 3.9% (Ferro and Xu, 1996). 
It has recently been indicated that there can be a substantial escape during haul-back operation 
where the trawl is hauled from the sea bed to the surface and onboard on the fishing vessel (Madsen 
et al., 2008; Grimaldo et al., 2009). A recent experiment assesses the escape of plaice during haul-
back operation. Results are shown in the Table below. It is indicated that there is a substantial escape 
during haul-back. There are no significant (P > 0.05) differences in selectivity parameters for the 
towing and Haul-back phase.  
Table: Escape time and selectivity parameters for plaice from an experiment with a standard 100.8 mm codend. Data 
from Madsen et al. (2008). 
Escape time Escape  L50 (cm) SR (cm) SF SRA 
Towing 
Haul-back 
Whole haul 
47% 
19% 
66% 
18.9 (10.6-27.2) 
18.3 (11.7-25.0) 
21.3 (15.8-26.8) 
4.62 (3.22-6.01) 
3.37 (2.47-4.27) 
   2.77 (2.20-3.33) 
1.88 
1.82 
2.11 
0.244 
0.184 
0.130 
 
0.5.1.3 Selectivity of plaice in a Danish seine standard codend 
It was only possible to identify a single data set for Danish seine. 
 
Table: Estimate of selectivety in a Danish seine codend. 
Hauls Method Net Mesh (mm) L50 (cm) SR (cm) SF SRA Reference 
5 
8 
TR 
TR 
4 mm D-PE 
4 mm D-PE 
100.9 
100.9 
27.2 
27.5 
3.8 
3.8 
2.70 
2.73 
0.140 
0.138 
Poulsen et al., 1991 
Poulsen et al., 1991 
TR: trouser trawl. 
0.5.1.4 Selectivity of sole in standard trawl codends 
It has not been possible to estimate any recent selectivity estimates of sole in trawls. There are 
several older estimates. These must, however, as already mentioned be taken with care. 
 
Table: Older estimates for plaice in standard trawl codends. 
ICES 
area 
No. 
hauls 
Method Net Mesh (mm) L50 (cm) SR (cm) SF SRA Reference 
IVc 
IVc 
IVc 
IVc 
 
IV 
IV 
11 
21 
16 
9 
 
19 
19 
HC-NS 
HC-NS 
HC-NS 
HC-NS 
 
HC-NS 
HC-NS 
69.6 
74.8 
76.9 
80.0 
 
81.9 
79.6 
D-MA 
D-MA 
D-MA 
D-MA 
 
D-PA 
D-PA 
22.9 
24.8 
25.4 
25.2 
 
23.5 
24.0 
2.8* 
2.1* 
2.6* 
3.1* 
 
3.1 
3.1 
3.29 
3.32 
3.30 
3.15 
 
2.87 
3.02 
0.122 
0.085 
0.102 
0.123 
 
0.132 
0.129 
Boerema, 1956 
Boerema, 1956 
Boerema, 1956 
Boerema, 1956 
 
Roessingh, 1960 
Roessingh, 1960 
D: double; MA: Manila; HE: Hemp; PA: Polyamide; HC: hoped cover; NS: non-statistical fitting of selection 
curves. 
* Provided in Holden, 1971. 
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0.5.2 Selectivity of gill and trammel nets 
0.5.2.1 Defining size selectivity of gill and trammel nets  
Gill net and trammel net selection curves will often fit very well to bi-normal selection curves 
(Madsen et al., 1999b; Holst et al., 2000):   
where a1 and b1 describe the location and spread of the primary mode and a2 and b2  
Moth-Poulsen et al. (2002) found that selectivity of plaice and sole was well described by a normal 
scale function: 
describe the 
location and spread of the secondary mode. A scaling constant has to be introduced to make the 
maximum value of the relative selectivity 1.0.  
These functions conforms to Baranov’s principle of geometric similarity. The SELECT method (Millar, 
1992) can be used to derive the maximum likelihood estimates for the selection curve parameters.  
 
0.5.2.2 Factors affecting selectivity 
Several studies have shown that the fishing power (ability to retain fish at the optimal modal length) 
of a gill net is highly dependent upon the twine diameter with thinner twines catching larger 
numbers of fish (see Hamley, 1975; Wileman et al., 2000). Baranov (1948) suggested that twine 
thickness should be made proportional to mesh size following the principles of geometrical similarity. 
Twine thickness (Holst et al., 2002; Wileman et al., 2000) and hanging ratio (Wileman et al., 2000) 
have relatively little effect upon the size selectivity of Baltic cod gillnets. However, twine thickness 
has a substantial effect upon the fishing power.  
Method of capture has been recorded by Madsen et al. (1999). Most sole was observed to have 
meshes stretched tight diagonally across the body form from the region of the head. Approximately 
half the fish had twine fibres in their mouth but this was not found to affect the selectivity.  
Moth-Poulsen (2003) observed significant differences in selectivity between the three seasons 
(Moth-Poulsen, 2003). However, this was only on the width of the first mode implying that the first 
mode was a little narrower in August than in October, and April-June. 
Trammel nets can be expected to have a selection curve differing from gill net because of more slack 
netting that causes more entangling Moth-Poulsen (2003). Moth-Poulsen et al. (2002) found 
significant differences in parameters between gill and trammel nets, however, they were small and 
without practical importance. The fishing power of trammel nets were 60% of the gill nets (Moth-
Poulsen et al. (2002).  
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Moth-Poulsen et al. (2002) found that there was no significant difference in selectivity between three 
fishing vessels.  
0.5.2.3 Selectivity of plaice in gill nets and trammel nets 
Selectivity parameters have been estimated for plaice caught in gill nets and are provided in the 
Table below.  
 
Table: Selectivity parameters of plaice referring to a bi-normal selection or a normal (only two parameters) scale 
selection curve. 
Net Area No. sets a b1 a1 b2 ω 2 Reference 
Gill net 
Gill net 
 
Trammel net 
Trammel net 
Trammel net 
Trammel net 
IVb 
IVb 
 
IVb 
IVb 
IVb 
IVb 
19 
33 
 
11* 
6* 
12* 
33 
2.58 
2.67 
 
2.54 
2.53 
2.52 
2.73 
0.239 
0.453 
 
0.14 
0.20 
0.27 
0.604 
3.25 
- 
 
3.11 
3.12 
2.99 
- 
0.49 
- 
 
0.45 
0.45 
0.46 
- 
0.311 
- 
 
0.34 
0.22 
0.42 
- 
Madsen et al. (1999) 
Moth-Poulsen et al. (2002) 
 
Moth-Poulsen (2003) 
Moth-Poulsen (2003) 
Moth-Poulsen (2003) 
Moth-Poulsen et al. (2002) 
* Wileman et al. 1997. 
 
0.5.2.4 Selectivity of sole in gill nets and trammel nets 
Table: Selectivity parameters of sole referring to a bi-normal selection curve. 
Net Area No. sets a b1 a1 b2 ω 2 Reference 
Gill net 
Gill net 
Gill net 
Gill net 
Trammel net 
Trammel net 
Trammel net 
IVb 
IVb 
IVb 
IVb 
IVb 
IVb 
IVb 
20 
8 
6 
10 
8 
6 
10 
3.27 
3.27 
3.23 
3.22 
3.26 
3.26 
3.26 
0.181 
0.225 
0.225 
0.225 
0.201 
0.201 
0.201 
3.59 
3.73 
3.73 
3.73 
3.88 
3.88 
3.88 
0.651 
0.816 
0.816 
0.816 
0.825 
0.825 
0.825 
0.315 
0.307 
0.428 
0.307 
0.646 
0.646 
0.646 
Madsen et al. (1999) 
Moth-Poulsen et al. (2002) 
Moth-Poulsen et al. (2002) 
Moth-Poulsen et al. (2002) 
Moth-Poulsen et al. (2002) 
Moth-Poulsen et al. (2002) 
Moth-Poulsen et al. (2002) 
 
 
0.5.3 Survival of discards and escaping fish   
If improvement of fishing gear selectivity should make any sense then is important to consider if 
escapees survive mesh penetration.  
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It is generally believed that the discard mortality of fish is 100 %. Evans et al. (1994) found that all 
fish caught in a trawl died after 15 minutes exposure on the deck including species such as cod, 
whiting, lemon sole, dab and plaice. However there are other experiments suggesting that flatfishes 
have some chances of surviving discard. van Beek et al. (1990) estimated that less than 10 % of sole 
and plaice discarded from beam and bottom trawls would survive more than 4 days when kept in 
seawater containers. However recapture experiments by Millner et al. (1993) indicated that about 50 
% of the plaice discarded from a trawl survived a longer period.  
 
Table: Mortality after discard or escape from fishing gear.  
Area Experimental conditions Mortality  Reference 
 
IVc 
 
IVb 
 
 
IVb 
 
 
IVb 
 
Beam trawl, extrapolated from discard  
 
Caught in Nephrops trawl, 15 min on 
board on vessel 
 
Caught in shrimp beam trawl and 
discarded 
 
Caught in shrimp beam trawl and 
discarded, catch sorted by sieves 
 
Sole: 40 % 
 
Plaice: 100% 
 
 
Plaice: 49% 
Sole: 42% 
 
Plaice: 79% 
Sole: 60% 
 
van Beek et al. (1990) 
 
Evans et al. (1994) 
 
 
von Kelle (1976) 
 
 
von Kelle (1976) 
 
 
Table: Other flatfish. Mortality after escape through trawl codends. 
Area Experimental conditions Mortality  Reference 
 
IVb 
 
 
 
IVb 
 
Trawl caught, 15 min on board on 
vessel 
 
 
Thrown overboard and taken by gulls 
 
 
Dab: 100% 
Long-rough dab: 100% 
Lemon sole: 100%  
 
Dab: 78% 
Long-rough dab: 74% 
 
Evans et al. (1994) 
 
 
 
Evans et al. (1994) 
 
 
Another important aspect to be considered is that there can be escape at the surface. Isaksen and 
Løkkeborg (1993) demonstrated a substantial escape of haddock and cod from a Danish seine and 
Vesa Tschernij (Baltic Sea Research Station, Sweden, unpublished data) a substantial surface escape 
of cod from a trawl. A one atmosphere increase for every 10 meter depth (Bone and Marshall, 1982) 
should be expected to cause decompression which would be lethal for physoclistous roundfish. 
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Nevertheless Soldal and Isaksen (1993) demonstrated a relatively low mortality after 8-11 days for 
haddock (4 %), cod (1 %) and saithe (0 %) escaping at the surface from a Danish seine.  
 
Terms 
Ghost fishing: lost or abandoned fishing gear that continues to catch fish.  
Selection factor (SF): L50*10/Mesh size 
Selection ratio (SRA): SR/L50  
0.5.4 Beam trawls - Netherlands 
Selectivity experiments on sole (Solea vulgaris L.) and plaice (Pleuronectes platessa L.) in beam trawls were 
carried out in the late 1970’s and early 1980’s reported by Van Beek et al., 1981; 1983 and Rijnsdorp et al., 
1981.  
The experiments in 1979 and 1980 on sole were done on three commercial vessels (1015, 1235 and 1700hp) 
in the North Sea and the Irish Sea to appraise the effects on an increase in mesh size to 90mm. The authors 
used both the covered codend and parallel haul technique and found a mean SF of 3.3 ± 0.2 comparing well to 
those found by other researchers at that time. The gear size used was 10 m at a towing speed of 5 kts with 12 
tickler chains and 12 net ticklers for one boat (1235hp) and 8 tickler chains and 5 net ticklers for the other 
(1015hp), and 14 m at 5.5 kts with 10 tickler chains and 6 net ticklers (1700hp, Van Beek et al., 1981, Table 
0-28). 
Table 0-28 Results of selectivity experiments on sole, from:  Van Beek et al., 1981. 
 
Follow-up experiments on plaice in the North Sea in 1891 on a commercial boat (1015hp) with mesh sizes in 
the range of 90, 100, 120, and 140mm resulted in L50’s from 19 to 30 cm, and SF values of 2.1 and 2.2, the 
latter decreasing with increasing catch volume (Van Beek et al., 1983, Table 0-29). 
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Table 0-29 Results of selectivity experiments on plaice, from:  Van Beek et al., 1983 
 
 
A summary of the data of the earlier experiments with new data was given in Rijnsdorp et al., 1983 (Table 0-30 
and Table 0-31). Experiments were done on the 1015hp vessel with 10 m gears having 7 tickler chains (22-
18mm) and 4 net ticklers (22-16mm), and on a 1310hp boat with 10 m gears having 11 tickler chains (22-
18mm) and 7 net ticklers (16-12mm). For sole values of SF ranged from 3.1-3.6 and for plaice from 2.3-2.4. 
These values are affected by catch volume, determined by engine power, mesh size and haul duration. 
Two Concerted Actions SELDAT1 (FAIR-CT96-1531, Selectivity Database) and SELDAT-2 (FAIR-CT98-4044, 
Selectivity Database) were carried out between 1996 and 2003. A selectivity database was created and hosted 
by CEFAS for a number of years. The database was loaded with data from 26 experiments, consisting of 98 
gear tests of a range of towed gears with 887 individual hauls. Beam trawl data mentioned above was among 
these (Van Marlen, 1999; Van Marlen, 2003). 
Comparative fishing trials to release the bycatch of roundfish reported done by Van Marlen, 2003 showing the 
potential of Large Mesh Top Panels (LMTP’s) to reduce catches of cod (Gadus Morhua L.) and whiting 
(Melangius merlangus L.) in tickler chain type V-nets by about 30-40% without affecting the catch of target 
species sole and plaice to any great extent. The work did not result in selection parameters being catch 
comparison trials. A follow-up in chain mat round nets turned out to be less successful (Van Marlen and Van 
Duyn, 2005) with some release in cod, but also larger losses in target species. 
Table 0-30 Summary of results of selectivity experiments on sole, from:  Rijnsdorp et al., 1983 
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Table 0-31 Summary of results of selectivity experiments on plaice, from:  Rijnsdorp et al., 1983 
 
 
Adding large escape holes in the bottom sheet of beam trawls just behind the footrope boson enabled 
reducing the bycatch of benthic invertebrates and undersized fish, but were not unacceptable for fishermen 
due to large losses of target flatfish. The maximum release of bycatch (benthos + discard fish) was about 25% 
against a loss in landings of 35% (Van Marlen et al., 2005). 
It is questionable whether the selectivity parameters derived in the 1980’s are still a good representation of 
the present state of the art concerning gear design and the use of materials in fishing nets (Grift et al., 2005). 
More variables than only mesh size were shown to affect selectivity, such as meshes round and codend 
length, but also stiffness of yarns used (ICES, 1996). 
Selectivity and catch comparison experiments were carried out in 2002 and 2003 on FRV “Tridens” on 
conventional and modified 12 m beam trawls with 80mm codends fished simultaneously in pair. A total of 
nine gear tests were carried out. The gear modifications were aimed at reducing the by-catch of round fish 
(cod and whiting) and consisted of fitting a large mesh top panel, and/or adding a square mesh panel in the aft 
part of the net in front of the cod-end. A significant reduction (-30%) occurred in whiting catches for the 
combination of large mesh top panel with square mesh window. The cod catches were too small to allow 
statistically significant results. Although the data did not produce statistically valid results in all cases, new 
selectivity parameters could be derived for three gear tests for dab (Limanda limanda L.), plaice, sole and 
whiting (Table 0-32, Van Marlen et al., 2007).  
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Table 0-32 Results of selectivity analysis. Parameter estimates with standard errors. The REP factor in the last column 
indicates the amount of over-dispersion, with 1 corresponding to no over-dispersion. (From Van Marlen, 2007, p 221).  
Gear Test Species L50 se-L50 SR se-SR split se-split REP 
1 DAB 15.87 0.577 2.25 0.304 0.36 0.048 3.01 
2 DAB 16.84 0.815 3.16 0.796 0.42 0.051 2.17 
3 DAB 12.01 0.297 1.79 0.552 0.41 0.010 5.59 
1 PLE 10.34 74.186 16.3 601.278 0.54 0.039 2.88 
2 PLE 19.67 1.846 6.33 8.163 0.55 0.006 2.71 
3 PLE 16.67 1.439 6.78 6.264 0.51 0.008 4.30 
1 SOL 27.78 24.809 14.42 32.956 0.51 0.120 1.86 
2 SOL 26.85 2.300 7.14 3.596 0.56 0.037 1.98 
3 SOL 26.77 0.654 7.1 0.553 0.56 0.011 1.14 
1 WHG 16.42 0.587 3.25 0.739 0.37 0.009 2.56 
2 WHG 26.3 14.350 8.31 9.631 0.62 0.181 4.49 
3 WHG 19.45 78.629 17.12 146.376 0.37 0.295 2.12 
With GT1= Test of a conventional 12 m beam trawl with tickler chains and 80 mm cod-end; GT2= Test of a 12 m beam trawl with tickler 
chains, square mesh panel and 80 mm cod-end; GT3= Test of 12 m beam trawl with tickler chains, large mesh top panel and 80 mm 
cod-end. 
Numbers of fish discarded per hour in the fourth quarter of 2007 for the beam trawl vessels with an engine 
power larger than 300 hp using 80 mm cod-end mesh size were reported by Van Helmond and Van Overzee, 
2008. For plaice in quarter four the average number discarded per hour was 579, and expressed in weight 49 
kg per hour. The same numbers were for landings respectively 209 and 75, meaning a discard rate of 74% in 
number and 40% in weight. 
Quirijns and Hintzen, 2007 reported on comparative fishing experiments on commercial beam trawlers in 
collaboration with fishermen to appraise the effect of using 70, 80, or 90 mm mesh sizes on catch composition 
of sole and plaice in the beam trawl fishery on the short term, and give an indication whether selectivity 
parameters of the beam trawl net, which are currently used in science can still be used. Six beam trawl vessels 
participated in this project. Four of these vessels used a beam trawl with V-nets and tickler chains, two vessels 
fished with round net with chain mats. The measurements were carried out in different areas in the southern 
North Sea and in each season. Beside using different nets, the fishermen did not change their fishing practice. 
In the research weeks, during two days catch composition was measured in 70, 80 an 90 mm mesh sizes. In 
periods of 24 hours, about 9 hauls were carried out with either 70 and 80 mm mesh sizes on each side, or 90 
and 80 mm on each side. After every haul, the catch on both sides (from both mesh sizes) were processed 
separately. Numbers by size category of both plaice and sole were counted or estimated. In total, catches 
from 434 hauls were sampled. For each haul and mesh size, the amount of sole and plaice by size category 
were expressed as numbers by hectare. A Generalized Linear Model (GLM) was used to establish the 
relationship between amount of fish caught and mesh size. The results show that increasing mesh sizes from 
80 to 90 mm would lead to a direct loss of about 50% of undersized sole and 32-47% of marketable sole (24-30 
cm) (figure 6). The amount of plaice discards is not lower than in 80 mm. With 70 mm, significant amounts of 
marketable plaice are lost, and apparently more plaice discards are caught. Catches of sole from 21-27 cm are 
higher in 70 mm compared to 80 mm. For other sole size categories there are no significant differences 
between 70 and 80 mm. Selectivity of the gear was analyzed using numbers per hectare by cm class, based on 
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data collected in 9 of the trips. It appeared that the differences in the relative cumulative catch composition 
with 70, 80 and 90 mm were too similar to be able to calculate a selectivity parameter.  It was not mentioned 
whether codend circumference was adjusted for the codends of 70 and 90 mm compared to the 80mm one, 
and how actual mesh openings were affected by the joining round, which may explain the little difference 
found for the 90mm codend. It was not possible according to the authors to get an indication of the usability 
of the selectivity parameters of the beam trawl net, which are currently used in science, and a plea was made 
for extended selectivity experiments.  
0.5.5 Beam trawls - Belgium 
Selectivity experiments were carried out on diamond and square mesh codends used in the Belgian coastal 
beam trawl fishery for sole. Codend length was varied. The commercial vessel used was of 250hp and the 
beam length was 7m. The mesh opening used ranged around 75mm with covers using 55mm mesh. The nets 
were fitted with only two tickler chains. Mesh shape did not affect the selectivity characteristics for this 
species. Longer codends reduced the benthos bycatch (Fonteyne and M’Rabet, 1992, Table 0-33). 
Table 0-33 Results of selectivity experiments (From: Fonteyne and M’Rabet, 1992, p 227) 
Codend 
type 
No of 
hauls 
Mesh 
size 
(mm) 
L50 SF SR χ2 P(χ2) df Mean 
catch 
Short-◊ 15 75.3 20.6 2.7 5.6 19.1 0.323 17 105 
Short-п 15 75.7 20.3 2.7 4.8 25.9 0.076 17 101 
Long-◊ 13 76.4 22.9 3.0 5.3 8.1 0.884 14 140 
Long-п 13 77.2 22.4 2.9 6.5 13.1 0.519 14 147 
Short-◊ 13 74.3 22.0 3.0 5.4 19.1 0.180 15 183 
 
Recent data are given in the Table below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mesh 
size
SF L50 st err SR st err alfa beta
Diam. mesh 80mm Sole 80 0,2665 21,32 0,31 5,90 0,48 21,3 (20,7 - 21,9) 5,9 (5 - 6,8) -7,94 0,37
T90 smal 80mm Sole 81 0,2751 22,34 0,39 3,58 0,35 22,3 (21,6 - 23,1) 3,6 (2,9 - 4,3) -13,70 0,61
T90  Le Drezen 100mm Sole 102 0,2704 27,58 0,55 5,86 0,63 27,6 (26,5 - 28,6) 5,9 (4,6 - 7,1) -10,33 0,37
T90  Portugal 100mm Sole 97 0,2606 25,17 0,28 5,35 0,41 25,2 (24,6 - 25,7) 5,3 (4,6 - 6,1) -10,34 0,41
T90 breed 80mm Sole 81 0,2950 23,95 0,75 3,29 0,41 24 (22,5 - 25,4) 3,3 (2,5 - 4,1) -16,02 0,67
Diam. mesh 80mm Cod 80 0,1838 14,71 0,42 2,27 0,38 14,7 (13,9 - 15,5) 2,3 (1,5 - 3) -14,23 0,97
T90 smal 80mm Cod 81 0,2777 22,55 1,41 4,07 0,91 22,6 (19,8 - 25,3) 4,1 (2,3 - 5,8) -12,18 0,54
T90  Le Drezen 100mm Cod 102 0,2609 26,62 1,47 5,55 0,90 26,6 (23,8 - 29,5) 5,6 (3,8 - 7,3) -10,54 0,40
T90  Portugal 100mm Cod 97 0,2574 24,86 2,15 4,17 1,18 24,9 (20,7 - 29,1) 4,2 (1,9 - 6,5) -13,11 0,53
T90 breed 80mm Cod 81 0,2502 20,32 3,12 3,97 2,76 20,3 (14,2 - 26,4) 4 (-1,4 - 9,4) -11,23 0,55
Diam. mesh 80mm Dab 80 0,1893 15,14 0,44 2,82 0,59 15,1 (14,3 - 16) 2,8 (1,7 - 4) -11,80 0,78
T90 smal 80mm Dab 81 0,1891 15,36 0,24 1,79 0,23 15,4 (14,9 - 15,8) 1,8 (1,3 - 2,2) -18,84 1,23
T90  Le Drezen 100mm Dab 102 0,1932 19,71 0,49 2,95 0,54 19,7 (18,8 - 20,7) 3 (1,9 - 4) -14,68 0,74
T90  Portugal 100mm Dab 97 0,1838 17,76 0,35 2,56 0,57 17,8 (17,1 - 18,4) 2,6 (1,5 - 3,7) -15,23 0,86
T90 breed 80mm Dab 81 0,1742 14,14 2,22 14,1 2,2 -14,02 0,99
Diam. mesh 80mm Plaice 80 no selection - - - -
T90 smal 80mm Plaice 81 0,1884 15,30 1,90 15,3 1,9 -17,69 1,16
T90  Le Drezen 100mm Plaice 102 0,2008 20,48 3,24 20,5 3,2 -13,91 0,68
T90  Portugal 100mm Plaice 97 0,1768 17,08 0,05 17,1 0 -832,07 48,71
T90 breed 80mm Plaice 81 0,1862 15,12 1,60 15,1 1,6 -20,71 1,37
Diam. mesh 80mm Poor cod 80 0,1616 12,93 2,95 12,9 2,9 -9,64 0,75
T90 smal 80mm Poor cod 81 0,2416 19,62 4,74 19,6 4,7 -9,09 0,46
T90  Le Drezen 100mm Poor cod 102 0,2120 21,63 5,28 21,6 5,3 -9,00 0,42
T90  Portugal 100mm Poor cod 97 0,2728 26,35 7,83 26,3 7,8 -7,40 0,28
T90 breed 80mm Poor cod 81 0,2560 20,79 6,74 20,8 6,7 -6,77 0,33
Diam. mesh 80mm Lem. sole 80 0,1986 15,89 0,60 3,63 0,43 15,9 (14,7 - 17,1) 3,6 (2,8 - 4,5) -9,63 0,61
T90 smal 80mm Lem. sole 81 0,1937 15,73 1,63 15,7 1,6 -21,23 1,35
T90  Le Drezen 100mm Lem. sole 102 0,2066 21,07 0,24 1,92 0,28 21,1 (20,6 - 21,5) 1,9 (1,4 - 2,5) -24,07 1,14
T90  Portugal 100mm Lem. sole 97 0,1989 19,22 0,35 1,72 0,36 19,2 (18,5 - 19,9) 1,7 (1 - 2,4) -24,59 1,28
T90 breed 80mm Lem. sole 81 0,1840 14,94 2,89 14,9 2,9 -11,34 0,76
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0.5.6 Twin trawls - Netherlands 
The development of and technology used in the twin trawl fishery in the Netherlands was reported by Grift et 
al., 2003; 2004. Data was given for the years 1997-2002, based on interviews with skippers and questionnaires 
sent out. In the Netherlands, twin trawls have been used since 1997, and in 2002 47 Dutch vessels employed 
this method. The most important target species are non-quoted species (gurnard, red mullet, turbot and brill) 
species that do not require individual quotas (Norway lobster (Nephrops)) and North Sea plaice. According to 
interviewed skippers, the quality of fish landed by a twin trawl is better than that landed with a beam trawl. 
The nets being used are lighter than a beam trawl because they have no or only light tickler chains. The light 
type of gear and the low fishing speed (2.5-3.5 kn) result in low fuel consumption rates of 1000-1500 liters per 
24 hrs for a Euro cutter and 4000 liters for a larger vessel (>300 hp). 
Per unit effort (day at sea), twin trawlers landed more cod, red mullet, Nephrops, red gurnard, dab and 
whiting than beam trawlers. For plaice, however, landings per day at sea were significantly lower. Sole were 
hardly caught. In the coastal zone (outside the 12-miles zone) twin trawlers using mesh sizes of 80 mm landed 
significantly more red mullet, red gurnard, dab and whiting per day at sea than a beam trawler. Landings of 
plaice in this type of fisheries were significantly lower. 
Per unit effort (per day at sea, per hour fishing and per hectare swept area), twin trawlers employing a mesh 
size of 100 mm and targeting plaice produced significantly less plaice discards than beam trawlers. Per haul, 
however, twin trawlers caught twice as much discards as beam trawlers fishing with 80 mm because haul 
duration in twin trawlers was much longer (4 hrs:15 min on average) than in the beam trawl fishery (1 hr: 53 
min). Of the total catch of plaice in the twin trawl fishery, 66% of the plaice were discarded in terms of 
numbers and 47% in terms of weight. For plaice, both the absolute (number of discards per hour fishing) and 
relative (percentage of the catch) discard production was significantly lower in the twin trawl fishery than in 
the beam trawl fishery. For other species, such as whiting and dab, differences were less clear but the twin 
trawlers produced a significant amount of discards (in terms of weight 35-96% of the total catch for dab and 
42-93% for whiting). In the twin trawl, the amount of benthic invertebrates being discarded was six times 
lower than in the beam trawl. Differences in discard production among species were mainly caused by 
differences in net design between a beam trawl and a twin trawl.  
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Figure 0-1 Twin trawl arrangements, left 3-warp system, right 2-warp system 
Plaice discards in the twin trawl fishery seemed less damaged than in the beam trawl but mortality rates were 
similar in both types of gear. Discards from twin trawler had severe internal damage and most of them died 
within 60 hrs. Experiments showed that, on average, only 8 % of the discards survived, in both the twin trawl 
and beam trawl fishery. The beam trawl fishery, however, causes a higher total mortality of discards because 
they produce more discards and survival rates are similar. 
Because the total size of the twin trawl fishery in the Netherlands is still limited, the effect on demersal fish 
stock is also still limited. If the twin trawl fishery develops with the same speed as is has developed during the 
past six years, the effect may become large. By 2002, circa 7 % of the total effort was executed and circa 5 % 
of the total catch landed with a twin trawl. An estimate was given of total annual discard production by the 
beam trawl fleet, namely 9156 tonnes and that in the twin trawl fishery with a mesh size of 100 mm: 1003 
tonnes. Plaice discard production by the twin trawl fishery targeting Nephrops was estimated at 5 tonnes. 
Both the landings and discard production of plaice in the twin trawl fishery on Nephrops or with 100 mm were 
significantly lower than that of the beam trawl fishery with 80 mm at the time the report was written. 
Landings of whiting were, however, significantly larger.  
Van Keeken et al., 2004 reported on discard levels in the Dutch twintrawl fishery. The mean catch rates of 
plaice over a total of five sampled trips were landings: 191 individuals per hour, and 51 kg per hour; discards: 
375 individuals per hour, and 47 kg per hour. In percentages this meant that on average 66% of the plaice 
were discarded in numbers and 47% in weight per hour. In addition they found no differences in discard 
survival between the twin trawl and beam trawl. The engine powers (range 300-600+ hp) and mesh sizes used 
(range 80-100 mm) were larger than in the reported  experiments, so these results were not deemed 
completely comparable. 
Comparative fishing trials were conducted in November 2008 on a 300hp euro-cutter on fishing grounds in the 
North Sea to investigate the effect of By-catch Reduction Panels (BRPs) inserted in a twin-trawl.  In a total of 
17 experimental hauls two nets were fished simultaneously, a conventional net on the starboard side and a 
net with a By-catch Reduction Panel inserted in the top sheet on the port side.  
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The gear used was a twin-rig with two nets fished in a three warp arrangement. Both the control and the test 
net have a headline length of 34.8 m, a footrope length of 40.5 m, and were fitted with an 80 mm mesh cod-
end. The By-catch Reduction Panel (BRP) tested was a square mesh panel with: 25 bars across and 22 bars 
deep of mesh size 150 mm, euroline™ single braid 5 mm thick, placed 12 meshes of 80 mm from the front 
joining round of the codend. The panel was built in surrounding 80 mm netting and joined to 38 meshes in 
width and 19 meshes in depth in the port net of the twin-trawl, 12 meshes deep in front of the joining round 
of the codend. 
 
Figure 0-2: Photo of inserted panel 
The panel reduced the by-catch of juvenile plaice by some 20% compared to the conventional net, but there 
may be a loss of marketable plaice. However, commercial losses were not confirmed by the skipper when 
regarding earnings over a longer period (Van Marlen et al., 2008). 
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0.6 Annex 2 
GTR90/GTR120/PTB80  
Catch numbers (top left and right, cod and haddock, middle left and right plaice and sole and bottom left 
whiting). 
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OTB80/OTB100/OTB120  
Catch numbers (top left and right, cod and haddock, middle left and right plaice and sole and bottom left 
whiting). 
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OTT80/OTT100/OTX80  
Catch numbers (top left and right, cod and haddock, middle left and right plaice and sole and bottom left 
whiting). 
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GNS90/GNS100/GNS120 
Catch numbers (top left and right, cod and haddock, middle left and right plaice and sole and bottom left 
whiting). 
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SDN80/SDN100/SDN120 
Catch numbers (top left and right, cod and haddock, middle left and right plaice and sole and bottom left 
whiting). 
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TBB80/TBB100/TBB120 
Catch numbers (top left and right, cod and haddock, middle left and right plaice and sole and bottom left 
whiting). 
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0.7 Annex 3 
0.7.1.1    Plaice 
Landings in 2007 are estimated at 49,744 tons in the North Sea. Based on the estimate of SSB (in 2008) and 
fishing mortality (in 2007), ICES classifies the stock as having full reproductive capacity and as being harvested 
sustainably (ICES, 2008). The SSB is estimated at around 254 thousand tons, which is above the Bpa (230 kt). 
Fishing mortality including discards is estimated to have decreased from 0.43 in 2006 to 0.39 in 2007, which is 
below Fpa (0.60). The Fishing mortality of the human consumption part of the catch is estimated at 0.18. The 
total fishing mortality is below Fpa, however it is still above the rate expected to lead to high long-term yields 
and low risk of stock depletion. Recruitment has been below the long-term average since 2004; however, 
recruitment in 2007 is of average strength (fig 2.1) . 
Projected landings for 2009 at Fsq are 61 kt, which is slightly higher than the projected landings for 2008 at 
Fsq (59 kt) which are much higher than the estimated landings of 2007 (50 kt). Projected discards for 2009 are 
approximately equal to the projected discards for 2008 at Fsq, but this is mainly based on the estimates of the 
abundance of year classes 2007 and 2008 coming in. Therefore, development of discarding in the next couple 
of years will depend on the true size of these year classes (ICES, 2008).  
The estimated numbers and catches are indicators of the status of the stock, however also the age structure 
and weight at age are important indicators. The weight at age shows that not much changed in the average 
weight of the younger plaice, the oldest plaice have however decreased in weight. The average ages show an 
increase in weight during the 1980s but some decrease in the latter years (fig. 2.2). The age composition of the 
catch is also shown in figure 2.2, here especially the large year class in 1985 is visible.  
Furthermore the moment that plaice becomes mature is important for the status of the stock. In recent years 
they became mature at younger ages and at smaller sizes. This shift could be a result of genetic fisheries-
induced change (Grift et al., 2003). Another aspect is that in recent years young plaice have moved out of the 
Wadden Sea and coastal areas into deeper water (Van Keeken et al., 2007). This shift to deeper water makes 
them more susceptible for fisheries.     
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Figure 2.1: Left, total catches (dashed lines), 
landings (dotted) and discards (black line) of 
plaice in the North Sea. Under, Estimated 
Spawning Stock Biomass (SSB) and 
recruitment at age 1, predicted values are 
shaded.  
Page 135 of 146 
 
 
0.7.1.2 Sole 
Based on the estimate of SSB, at 19k tonnes in 2008 and fishing mortality at 0.43 in 2007, ICES classified the 
stock as having reduced reproductive capacity and as being at risk of being harvested unsustainably (ICES, 
2008). SSB has fluctuated around the precautionary reference points for the last decade and is now below 
Blim (25 000t) and Bpa (35 000 t). Fishing mortality has declined since 1995 and is currently estimated to be 
above Fpa (0.4) (fig. 2.3). The year classes of 2003 and 2004 are weak, year class 2005 is strong, and the 
assessment indicates that the year class 2006 is below average. The predicted SSB in 2010 is largely 
dependent on the above-average recruitment of the 2005 year class. Due to the high fishing mortality the SSB 
has declined, which made the fishery and SSB much more dependent on incoming year classes and can 
therefore fluctuate considerably between years (ICES, 2008).  
The weight at age of, especially the larger, sole in the North Sea had increased during the 1970 and 1980, and 
decreased since the mid 1980’s, beginning of the 1990’s. In the landings some larger year classes are visible, 
especially the 1963 year class and the year classes at the end of the 1980’s. Like plaice, sole is also under 
influence of selective fishing mortality which could result in genetic fisheries-induced changes. Genetic 
fisheries-induced changes could have caused the observed decrease in the age and size at maturation (Mollet 
et al., 2007).   
 
Figure 2.2 : Left: the stock weight at age of North Sea plaice, each line represents an age, Right: 
Catch numbers-at-age, clearly visible is the large year class in 1985 (ICES, 2008).   
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Figure 2.3: Sole in the North Sea. Landings, fishing mortality, recruitment at age 2, and SSB. 
Predictions are shaded (ICES, 2008).   
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0.7.1.3 By-catch Species Stocks 
The selected fleet segments catch a large number of other commercial species besides the main target 
species, plaice and sole. Some of the other landed species are flatfish species e.g. turbot (Psetta maxima), brill 
(Scophthalmus rhombus), dab (Limanda limanda) and lemon sole (Microstomus kitt); roundfish species e.g. 
cod (Gadus morhua), haddock (Melanogrammus aeglefinus), whiting (Merlangius merlangus), monkfish 
(Lophius piscatorius), tub gurnard (Trigla lucerna) and sea bass (Dicentrarchus labrax); Skates and rays e.g. 
thornback ray (Raja clavata); Molluscs e.g. common whelk (Buccinum undatum) and Crabs e.g. edible crab 
(Cancer pagurus). Some of these species are assessed by ICES, e.g. cod, haddock and whiting. For others only 
landings data or survey data are available to assess stock status. For this last group of species, another project 
part of the same tender as this project is working on assessments for management purpose (Heessen et al. in 
progress).  
 0.7.1.3.1 Round fish species. 
0.7.1.3.1.1 Cod 
North Sea cod, IId (Eastern Channel) and IIIa (Skagerrak) was last assessed in 2008 (ICES, 2008). The stock 
assessment showed that the SSB of cod has been below Bpa (150 000t) since 1982 and below Blim (70000t) 
since 1999, with a historical low in 2006. The SSB has shown an increase since then but remains below Blim. 
Fishing mortality has shown a decline since 2000, and is currently just below Fpa
The European Commission has adopted a cod recovery plan wherein a limited catch of cod remains possible. 
ICES considers the EU recovery plan as not consistent with the precautionary approach and advices that a zero 
catch offers the best opportunity for the stock to recover (ICES, 2008). 
 (0.65) (fig. 2.5) (ICES, 2008).  
The assessment working group estimated cod landings in IIIa and IV in 2007 to be 2.9 and 19.7 tonnes 
respectively. This estimate is based on annual data (ICES, 2008). In the last five years, an average of 82% (84% 
in 2007) of the international landings in numbers consisted of juvenile cod aged 1–3. Because the fishery is at 
present so dependent on incoming year classes, fishing mortalities on these year classes is high, and only 12% 
of the 2-year-olds currently survive to maturity (compared to 22% in the early 1960s). It is necessary to reduce 
mortality especially on younger ages of cod, to allow more fish to reach maturity and increase the probability 
Figure 2.4: Left: the stock weight at age of North Sea plaice, each line represents an age, Right: 
Catch numbers-at-age, clearly visible are the large year classes mid 1960 and end 1980 (ICES, 
2008).   
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of good recruitment. The recruitment of the relatively more abundant 2005 year class to the fishery may have 
no beneficial effect on the stock if it is caught and heavily discarded. In 2006, the 2005 year class comprised 
62% of the total catch by number, and in 2007 it comprised 55%. Discarding of this year class has increased to 
40% in 2007 and is expected to remain high in 2008. The last substantial year class to enter the fishery was the 
1996 year class. This year class was heavily exploited and discarded by the fishery at ages 1–5, and 
disappeared relatively quickly from the fishery with no benefit to the SSB.  
 
Weight at age data of the catch indicates that there have been short-term trends in mean weight at age and 
that the decline over the recent decade on ages 3-5 now see ms to have been reversed. The data also indicate 
a slight downward trend in mean weight for ages 3-6 during the 1980’and 90’s. Ages 1 and 2 show little 
absolute variation over the long-term (fig. 2.6) (ICES, 2008).  
Figure 2.5: Spawning stock biomass (SSB) of cod in the North Sea, Eastern Channel and Skagerrak, 
horizontal lines: Bpa, Blim; Fishing mortality on the ages 2-4, horizontal lines: Fpa, Flim; Recruitment 
at age 1; and the total stock biomass (TSB) (ICES, 2008).  
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0.7.1.3.1.2 Whiting 
Whiting in Subarea IV (North Sea), Division VIId (Eastern Channel) was last assessed in 2008 (ICES, 2008). The 
EU and Norway have agreed on reference points for this stock. However, the working group considers that 
these reference points are not applicable to the current assessment (ICES, 2008). In the absence of defined 
reference points, the state of the stock cannot be evaluated.  
In 2008 the working group provided information on whiting in Subarea IV and Division VIId. An analytical 
assessment estimated SSB in 2008 as being at the lowest level since the beginning of the time-series in 1990. 
Fishing mortality has decreased through the time-series, but increased in the recent year to twice Fmax. The 
recruitment has been very low since 2001. As a result of the very low recruitment ICES cannot recommend any 
fishing mortality above Fmax
WGNSSK estimated whiting landings in the North Sea  in 2007 to be 16.2 tonnes (ICES, 2008). The weights-at-
age indicate a decline in mean weight in the landings and catch for ages 6 to 8, and a reasonably constant 
mean weights for all other ages in all the catch components (fig.2.8). From 1990 to 2005 ages 4 and above in 
the catch and landings have shown a periodic increase and decrease in mean weight, and ages 1 to 3 show 
what might be a recent increase (ICES, 2008).  
 of 0.19 in 2009 (fig. 2.6) (ICES, 2008).  
 
Figure 2.6: Mean weights-at-age in the catch. Each line 
represents an age-class (ICES, 2008). 
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0.7.1.3.1.3 Haddock 
Haddock in the North Sea and Skagerrak was last assessed in 2008 (ICES, 2008). The stock assessment shows 
that through time the SSB has been mostly above the precautionary limit (Bpa=140000t). The fishing mortality 
seems to have declined since 1990 and has been below Fpa (0.7) since 1996. Based on the most recent 
estimate of SSB (in 2008) and fishing mortality (in 2007), ICES classifies the stocks as having full reproductive 
capacity and being harvested sustainably (fig. 2.9). SSB in 2008 is estimated to be above Bpa. Fishing mortality 
in 2007 is estimated to be below Fpa but above the target FHCR (0.3) specified in the EU-Norway management 
plan (ICES, 2008). 
Figure 2.8: Weight-at-age in the total catch and in the human consumption fisheries, each 
line is an age class (ICES, 2008). 
Figure 2.7: Whiting in the North Sea and Eastern Channel. Catch composition, fishing 
mortality, recruitment at age 1 and SSB (ICES, 2008).  
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WGNSSK estimated haddock landings in IV and IIIa in 2007 to be 30.5 and 1.6 tonnes respectively. The total 
yield (including landings, discards and industrial by-catch) of haddock is depicted in figure 2.9 (ICES, 2008). The 
weight-at-age of the total catch shows a declining trend, as well as evidence for reduced growth rates for large 
year classes (fig. 2.10).  
 
 
Figure 2.9: Stock summary for haddock in the North Sea and Skagerrak. Yield, fishing mortality, Spawning 
Stock Biomass (SSB) and recruitment at age 0. The dotted horizontal green lines indicate Fpa and Bpa while the 
solid horizontal green lines indicate Flim and Blim
 
 (ICES, 2008). IBC = industrial by-catch.  
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0.7.1.3.1.4 Gurnards 
Gurnards are often not sorted by species when they are landed. This is reflected in the catch statistics where 
different species of gurnards are often reported into one generic category of “gurnards”. Only some countries 
report landings of grey gurnard (Eutrigla gurnardus), tub gurnard (Trigla lucerna or Chelidonichthys lucernus), 
and red gurnard (Aspitrigla cuculus or Chelidonichthys cuculus) separately (ICES, 2007). 
Of the four gurnard species found in the North Sea, grey gurnard is by far the most abundant (Heessen and 
Daan, 1996). Data for grey gurnard in the North Sea and the Skagerrak/Kattegat is available form the 
International Bottom Trawl surveys (IBTS). Based on this survey, Heessen & Daan (1996) suggest that there 
may be three sub-populations of grey gurnard in the North Sea and Skagerrak/Kattegat: one north-west of the 
Dogger Bank, one around Shetland and one in the Skagerrak/Kattegat. ICES (2007) suggests that there is 
indeed an area with low abundance between the North Sea and the Skagerrak, but that a more or less 
continuous distribution exists between the central and north western North Sea. However, Grey gurnard in 
the North Sea may well be separated from grey gurnard in the Channel (ICES, 2007). The status of the stocks in 
the Skagerrak, North Sea and English Channel is not known, but catches from the IBTS survey in the North Sea 
show a marked increase since the late 1980s (fig. 2.11) (ICES, 2007). 
ICES (2007) reported landings of tub gurnard in the North Sea by Denmark, the Netherlands and France and of 
red gurnard by Belgium, France, the Netherlands and the UK. An increase in landings since 2000 has occurred. 
The summed values are presented in figure 2.12. However, the data may be incomplete. 
Figure 2.10: Weight-at-age for Haddock in the North Sea and Skagerrak. Each line represents an 
age class, the red dotted lines are Loess smoothers for each age (ICES, 2008).  
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 0.7.1.3.2 Flatfish species 
0.7.1.3.2.1 Brill 
No assessment for brill in the North Sea is performed. Attempts for an assessment in the Channel fishery 
indicated that the Channel stock was not heavily overexploited, but that a reduction in fishing effort was 
required to get an increase of 10% of the observed production (Ulrich, 2000). Landings of brill are shown in 
figure 2.13, this is likely to be most of the brill caught because only the very small individuals will be discarded 
(ICES, 2007). In figure 2.13, it is shown that in recent periods fish of age 2 contribute to a larger proportion of 
the landings then in the earliest period.  
Figure 2.12: Total landings in tonnes of tub gurnard (reported by 
Denmark, the Netherlands and France) and red gurnard (reported 
by Belgium, France, the Netherlands and UK) (ICES, 2007). 
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Figure 2.11: Average catch rate of grey gurnard (number per hour for all 
length classes combined) in the North Sea (excl. Skagerrak and Kattegat), 
based on quarter 1 IBTS (ICES, 2007). 
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0.7.1.3.2.2 Turbot 
Only an assessment of turbot in the Channel fishery was made in 1999. It was concluded that fishing mortality 
has increased from 1984 to 1989 from 1 to 1.5 and decreased thereafter to 0.7 in 1995 (Dunn, 1999). The 
maximum sustainable yield (MSY) was given to be between 300 and 400t, which was lower than the observed 
catches (550t/year). Later a maximum sustainable production of 440 t/year was estimated (Ulrich, 2000). The 
landings and the relative age distribution in the Belgium beam trawl landings are depicted in figure 2.14. 
 
0.7.1.3.2.3 Dab 
According to the International bottom trawl survey (IBTS) in Q1 in the North Sea, the abundance of dab has 
increased remarkably in the long-term. The increase was partly related to opportunistic adaptations to trawl 
fisheries (Kaiser and Ramsay, 1997). Recent estimates still indicate that dab is one of the main discarded 
species by the beam trawl (STECF, 2008), amounting to 60% to 70% of the total catch (Borges et al., 2005). The 
landings in the North Sea and the length frequency in the Dutch Beam Trawl Survey (BTS) are shown in figure 
2.15 (ICES, 2007).  
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Figure 2.14:  Landings(t) of turbot in the North Sea , and relative age distribution of the Belgium 
beam trawl fleet for the period 1996-1997 (ICES, 2007). 
Figure 2.13: Landings(t) of Brill in the North Sea and the Relative age distribution of brill in the 
commercial landings of the Dutch beam trawl fleet averaged over the periods 1982–1986, 
1987–1990 and 2002–2005 (ICES, 2007).  
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0.7.1.3.2.4 Lemon sole 
In the North Sea, lemon sole abundance has increased from approximately 
 
6 fish/30 min. in 1991 to approx. 
24 fish/30 min. (fig. 2.16) in 2005. This rise in abundance has not been reflected in landings for the North Sea 
over the same time span (ICES, 2007). There are currently no management measures in place for lemon sole. 
At present, there is insufficient data to assess stock status.  In figure 2.16 also the length distribution of the 
survey catches in the North Sea is shown.  
0.7.1.3.3 Demersal elasmobranches 
In 2005 ICES provided advice for 2006 for the demersal elasmobranches, stating that “Target fisheries for 
common skate (Dipturus batis) and thornback ray (Raja clavata) should not be permitted, and by-catch in 
mixed fisheries should be reduced to the lowest possible level”. Moreover, ICES advised that “if the fisheries 
for rays continue to be managed with a common TAC for all ray species, this TAC should be set at zero for 
2006”. No advice was provided for 2008, only a qualitative summary was given (Table 2.1) (ICES, 2008). 
Table 2.1: A qualitative summary of the general status of the major demersal elasmobranch species in the 
North Sea (IV), Skagerrak (IIIa) and Eastern English Channel (VIId) based on surveys and landings.  
 Species  Scientific name  Area  State of stock  
Figure 2.16: The number of Lemon sole caught per 30 min. in various CEFAS surveys. North Sea 
black dotted line , and length distribution in the CEFAS groundfish survey (ICES, 2007). 
Figure 2.15 : Dab landings, Apparent decreases in the catch are due to unreported catches by the 
Netherlands (ICES, 2007), and length frequency of the Dutch Beam trawl survey (BTS) in 2008 (de 
Boois and Bol, 2008).  
DAB 
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Common skate *  Dipturus batis  IVa  Depleted  
Thornback ray  Raja clavata  IVc, VIId  Stable/increasing  
IVa,b  Uncertain  
Spotted ray  Raja montagui  IVb,c  Stable/increasing  
Starry ray  Amblyraja radiata  IVa,b, IIa  Stable  
Cuckoo ray  Leucoraja naevus  IVa,b  Stable  
Blonde ray  Raja brachyura  IVc, VIId (patchy occurrence)  Uncertain  
Undulate ray  Raja undulata  VIId, merges with VIIe  Uncertain, reasons 
for concern  
Lesser-spotted dogfish  Scyliorhinus canicula  IVa,b,c, VIId  Increasing  
Smooth hound & 
Starry smooth hound  
Mustelus mustelus & 
Mustelus asterias  
IVa,b,c, VIId  Increasing  
Angel shark  Squatina squatina  IVa,b,c, VIId  Extirpated  
* likely merging with VIa & IIa 
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1.1 Methodology 
1.1.1 General 
A description of the methodology is given in Section B of this report. 
1.1.2 Scenarios 
In this project, the baseline fishery has been defined as the North Sea flatfish fishery in 2006. The 
socio-economic, biological and ecological issues related to this fishery have been described, 
whenever possible in a quantitative way, in Section B. Several different fishing methods are being 
used to target flatfish, each with their own advantages and disadvantages. The results of this study 
demonstrate that discarding is one of the main problems and the most obvious and simple solution 
to that problem is an increase in mesh size. Other options such as square mesh cod-ends, T90 cod-
ends, escape windows etc. are also possible but due to practical problems among which knot 
slippage, deformation of the meshes, issues with strength, a lack of data for the different gear types, 
the option of a mesh size increase was considered the most feasible one. 
For Scenario 1 following increases in mesh size were chosen: 
Towed gears:  
• 80mm => 90mm (sole fishery) 
• 100mm => 140mm (plaice fishery) 
• 120mm => 140mm (plaice fishery) 
Static gears: 
• 90mm => 100mm (sole fishery) 
• 100mm => 100mm (sole fishery) 
• 120mm => 140mm (plaice fishery) 
The selectivity ogives for the different gear types are given in Fig. 1-1, Fig. 1-2 and Fig. 1-3.  
The choice of the most interesting mesh size increase related to the aims of this study was not 
obvious. We wished to be realistic in our approach, but it was also important to aim at simplicity and 
brevity to enable an easy interpretation of the data and results. 
It is also important to recognize that the method used for this study is an ‘option comparison’ model 
not a forecasting model. The aim of the model is to compare what happens if a management decision 
is taken to implement a particular policy and all other factors are assumed to stay the same. Thus the 
impacts of policies are examined ‘relative to this fixed baseline’ where all variables are held constant 
over time. 
1.1.3 Scenario approach 
In order to forecast catches for the different métiers selected for this study, the method presented 
by Piet et al. (2009) has been used. The results for the landings and discards for the “2006 fishery” 
have been presented in Section B. For Scenario 1, landings and discards were modeled for the mesh 
size increase, for each métier.  
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Both the “2006 fishery” and Scenario 1 results were then compared and several parameters have 
been calculated and have been presented in a fact sheet (Section 1.2.1) and in graphical form. The 
comparison was made for weight of the landings, value of the landings, discards for five selected 
species, long term effects on SSB and yield, socio-economic data and impact related indicators. 
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Fig. 1-1 – The beam trawl selectivity ogives for sole, plaice, cod, haddock and whiting for the mesh sizes 
relevant to Scenario 1. 
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Fig. 1-2 – The otter trawl selectivity ogives for sole, plaice, cod, haddock and whiting for the mesh sizes 
relevant to Scenario 1. 
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Fig. 1-3 – The set net selectivity ogives for sole, plaice, cod, haddock and whiting for the mesh sizes relevant 
to Scenario 1. 
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1.2 Results 
1.2.1 Fact sheet 
FACT SHEET Scenario 1 – General mesh size increase TOTAL 
Catch weight Total landed sole 8,469 ton 
 Total landed plaice 37,444 ton 
 Total landed other spp 27,058 ton 
 Total landed fish weight 72,972 ton 
Catch value Total value catch 268,335 kEuro 
 Average value of 1kg fish 3.68 € 
Socio-economic Total employment  293,149 persondays 
 Total operational cost  254,704 k€ 
 Variable cost 82,744 k€ 
 Total crew share 67,833 k€ 
 Total fuel cost 100,103 k€ 
 Break-even fuel price 0.47 € 
 Total days at sea 61,874 days 
Discarding Numbers of sole, plaice, cod, haddock and whiting 
discarded 
399,416,072 
 Numbers of sole and plaice discarded 373,169,239 
 Effect on SSB after 10 yrs SOL:+19%  
PLE: +44%  
COD:+10% 
 WHG:+8% 
 HAD:+9% 
 Effect on yield (landings) after 10 yrs SOL:+7% 
 PLE: +35%  
COD:+9%  
WHG: +4% 
 HAD:-1% 
Ecological Total fuel consumption 243,009 m³ 
 Total CO2 production (ton) 663.900 
 Liters fuel for 1 kg of fish 3.3 liter 
 Liters fuel for 1 Euro landed fish 0.82 liter 
 Fished surface 239,237 km² 
 Years to sweep surface equal to whole North Sea 3 yrs 2 ms 
 Total displaced sediment 4.8 km³ 
 Years to move 1cm top layer sediment of whole North 
Sea 
1 yr 7 ms 
 Length set nets per year  159,241 km 
 
1.2.2 Métiers 
The increase in mesh size and the slight simplification that comes with it reduces the number of 
métiers from 34 to 27. This is due to the reduction from 4 mesh sizes (80, 90, 100, 120mm) to three 
(90, 100, 140mm). 
1.2.3 Fishing effort 
The fishing effort and the partitioning of it over the different métiers has been kept constant.  
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1.2.4 Landings 
 
 
Fig. 1-4 - Landings per unit of effort (LPUE in kg/1000 kWdays) by vessel length class and species group, all 
gears combined – the fishery in 2006 compared to Scenario 1. 
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Fig. 1-5 - Landings per unit of effort (LPUE in kg/1000 kWdays) by mesh size and species group, all gears 
combined – the fishery in 2006 (with different mesh sizes) compared to Scenario 1. 
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Fig. 1-6 - Landings per unit of effort (LPUE in kg/1000 kWdays) by gear type and species group, all length 
classes combined – the fishery in 2006 compared to Scenario 1. 
The increase in mesh size in Scenario 1 generally leads to a decrease of landings. In some cases, 
however, an increase in landings has been observed. The reason for this is that the fish that have not 
been caught by due to an increase in mesh size from 100 and 120 to 140mm are now available for 
other métiers. The fish that can escape from a 140mm mesh and not from a 90 or 100mm mesh, 
appear in higher densities on the fishing grounds and can lead to higher catches for the small mesh 
fisheries. This is not a consequence of stock development but an immediate effect of the mesh size 
change. 
1.2.5 Value 
The results for “value of the landings” are proportional to the results for “landings” and do not give 
extra information and are therefore not presented. 
1.2.6 Operational costs 
The operational costs of the fishery have been kept constant. 
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1.2.7 Profit 
   
Fig. 1-7 – Profit before financial costs and taxes, per unit of landed fish value expressed as €/€ landed fish 
The direct effect of a mesh size increase reduces the profitability of all métiers. Most of the métiers 
suffer a financial loss in the year of the mesh size increase. The largest losses are taken by the smaller 
vessels and the static gear métiers. The long term effects are treated in Section 1.2.16. 
1.2.8 Fuel consumption 
The fuel consumption of the fishery has been kept constant. Due to the difference in income, the 
break-even fuel price has changed compared to the baseline fishery in 2006. 
Table 1: The break-even fuel price by gear type (--- in the table means financial loss) 
Gear Break-even fuel price
GNS ---
GTR ---
OTB ---
OTT 0,74
OTX 0,67
PTB ---
SDN ---
TBB 0,52
All 0,47  
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1.2.9 Employment 
The employment has been kept constant. 
1.2.10 Technical data 
No change compared to the “2006 fishery”. 
1.2.11 Impact data 
No change compared to the “2006 fishery”. 
1.2.12 By-catch of marine mammals, seabirds and unaccounted mortality 
No change compared to the “2006 fishery”. 
1.2.13 Mortality of non-commercial benthic species (epifauna and infauna)  
The difference in mortality of non-commercial benthic species compared to the baseline fishery in 
2006 will be caused by a better selectivity of the gears and an increased release of organisms through 
the cod-end meshes of towed gears and a reduced catchability of static gears. This reduction in 
discards will reduce the effects on the larger fraction of the benthic communities. A quantification of 
this reduction cannot be given due to lack of selectivity data and lack of discard data for non-
commercial benthic organisms. 
1.2.14 Stock status 
See Section B. 
1.2.15 Discards 
The total numbers of fish landed and discarded by the fleet considered in this study in Scenario 1 is 
given in Fig. 1-8. The reduction in numbers discarded ranges from 31% for plaice to 46% for cod. The 
reduction in landings ranges from 15% for whiting to 22% for haddock. 
The discard ratios calculated are given in Fig. 1-9 and the numbers of fish discarded per day fishing 
and per kWday fishing are given in Fig. 1-10 and Fig. 1-11. 
The discard ratio is defined as the ratio of discards to total catch (no.s discarded/no.s in catch given 
as a percentage). 
It is striking that, despite the relative strong reduction in numbers of fish discarded due to the mesh 
size increase, the discard ratios do not drop markedly (Fig. 1-9). Fig. 1-10 and Fig. 1-11, on the other 
hand, clearly indicate that the numbers of fish discarded per unit of effort, be it days or kWdays, do 
drop markedly. 
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Fig. 1-8 - Numbers of landed (black) and discarded (red) fish for five selected species, all métiers pooled, 
according to the IMARES model simulation (Method 3). The table presents the percentage difference 
compared to the observed situation in 2006. 
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Fig. 1-9 – Discard ratios for five selected species – whole fleet (top left), by vessel length class (top mid), by mesh size (top right) and by gear type (bottom) 
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Fig. 1-10 – Numbers of fish discarded per day fishing 
 
Fig. 1-11 – Numbers of fish discarded per kWday fishing 
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1.2.16 Long term effects of a general mesh size increase  
The long term projection of the effects of the three different scenarios are presented together in this 
part of the report. 
• Scenario 1
• 
: Increase mesh size. 
Scenario 2
o All beam trawl 80 & 90mm replaced by pulse trawl. 
:  
o All beam trawl 100 & 120mm replaced by outrigger otter trawl. 
• Scenario 3
1.2.16.1 Introduction 
: In this Scenario we set all effort for towed gears to zero and increased the effort 
of the static gear. We optimized this increase to match the plaice and sole catches of the 
2006 fishery. 
The aim of this work package is the estimation of the magnitude of annual losses to the Spawning 
Stock Biomasses and landings (catches) for sole, plaice, cod haddock and whiting arising from current 
levels of discarding from an applied mesh increase or changes in fishing gears. 
An increase in mesh size can have both short term and long term effects.  In the short term there is 
often a reduction in catches as smaller fish are no longer retained by the fishing gear.  Therefore 
more fish remain in the fishery to grow to increase the spawning stock biomass and to be caught at a 
larger size, pending the escapees will indeed survive. However most species are caught in a mixed 
fishery and one mesh size increase may suit one stock but subsequently may have negative 
consequences on the catches of others.    In the long term an increase in mesh size generally offers 
an increase in potential yields, and it also reduces the likelihood of a stock collapse. 
1.2.16.2 Method 
The catch patterns at age associated with an increase in mesh size were modeled for all gears (please 
see task 1.4 for the method) for the following scenario: 
Scenario 1 
• Towed gears:  
o 80mm => 90mm (sole fishery) 
o 100mm => 140mm (plaice fishery) 
o 120mm => 140mm (plaice fishery) 
 
• Static gears: 
o 90mm => 100mm (sole fishery) 
o 100mm => 100mm (sole fishery) 
o 120mm => 140mm (plaice fishery) 
Scenario 2 
• Beam trawl 80 & 90mm => pulse trawl 80 & 90mm 
• Beam trawl 100 & 120mm => outrigger otter trawl 100 & 120mm 
Scenario 3 
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• Towed gears => Static gear 
 
The modeled data representing the mesh increase was mapped to the original modeled data (see 
Section B) and a ratio was calculated for the landings and discard based on the numbers at age by 
species. This ratio was then applied to the working group numbers-at-age (for Belgium, English, 
Dutch, Danish data only) in order to calculate revised numbers-at-age to demonstrate the mesh 
change.  These numbers were then added to the working group numbers at age from other nations 
not present in the project.  As there are not any discards in the working group assessment for sole, 
the estimated discards from Section B were used.  Simulations were conducted using FLR (Kell et al. 
2007, www.flr-project.org) by projecting the estimates of numbers-at-age from the most recent age-
based assessment (ICES, 2007) for 10 years on the basis of the standard age-structured population 
equation: 
                                               Na+1,y+1 = Na,y e
Where: N
-Za,y 
a,y is the number of fish of age a at year y, and Za,y is the total mortality from age a to age 
a+1. Za,y = Ma + Fa,y, where Ma is the natural mortality at age a and Fa,y
The catch equation was rearranged to enable the calculation of F-at-age for a given catch number-at-
age. The revised F’s (representing the effect of mesh increases) replaced the F’s in the baseline run. 
This modeled the effect of changing the mesh sizes within the fisheries. The F’s then remain constant 
for the forecast period. 
 is the fishing mortality at age 
a in year y. Biological parameters, mortality, natural mortality, mass-at-age were taken from the 
latest ICES assessment. 
1.2.16.3 Results 
The results from the 10 year VPA simulation are presented in Table 1-2,Table 1-3, The mesh size 
changes of scenario 1 for English, Dutch, Belgian and Danish contributions to catches demonstrate a 
7.9% increase in yield (catch) relative to the baseline projection. 
The gear changes of scenario 2 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 2.8% increase in yield (catch) relative to the baseline projection. 
The static gear changes of scenario 3 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 11.9% increase in yield (catch) relative to the baseline projection. 
Landed weight for sole show significant increases in all of the scenarios relative to the baseline 
projection. Scenario 3 demonstrates the biggest increase in landed weight of 10.7% relative to the 
baseline projection. 
Table 1.4 and in Fig. 1-13. 
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Table 1-2: Yields (catch, i.e. landings + discards, weigth in tonnes) after a 10 year projection for plaice, sole, 
cod, haddock and whiting and their % change (∆) relative to the baseline projection. 
 
Table 1-3: Yields (landed weight in tonnes (English, Dutch, Belgian and Danish only)) after a 10 year 
projection for plaice, sole, cod, haddock and whiting and their % change (∆) relative to the baseline 
projection (see Figure 1.). 
 
1.2.16.4 Yields 
The mesh size changes of scenario 1 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 14.6% increase in yield (catch) relative to the baseline projection after a time period 
of 10 years (
Plaice 
Table 1-2). Landed weight however shows a significant 35.2% increase relative to the 
baseline projection (Table 1-3). 
The gear changes of scenario 2 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 3.2% increase in yield (catch) relative to the baseline projection. Landed weight 
however, shows a significant 8.4% increase relative to the baseline projection. 
The static gear changes of scenario 3 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 24.8% increase in yield (catch) relative to the baseline projection. Landed weight 
however, shows the largest percentage increase of all the scenarios of 59.2% relative to the baseline 
projection. 
The mesh size changes of scenario 1 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 7.2% increase in yield (catch) relative to the baseline projection. Landed weight 
however shows a significant 9.3% increase relative to the baseline projection. 
Cod 
The gear changes of scenario 2 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 10.7% loss in yield (catch) relative to the baseline projection. Landed weight however 
shows a significant 11.2% loss relative to the baseline projection. 
The static gear changes of scenario 3 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 0.3% increase in yield (catch) relative to the baseline projection. Landed weight 
however shows a significant 7.7% increase relative to the baseline projection. 
gear/mesh year ple cod had whg sol %∆ple %∆cod %∆had %∆whg %∆sol
Scenario 1 2016 114099.26 64923.75 47211.14 17625.81 11013.17 14.6 7.2 -1.7 -10.6 7.9
Scenario 2 2016 102807.32 54090.96 47555.41 25487.32 10487.59 3.2 -10.7 -1.0 29.2 2.8
Scenario 3 2016 124287.27 60762.12 46468.55 9408.58 11421.08 24.8 0.3 -3.3 -52.3 11.9
Baseline 2016 99586.54 60589.74 48032.85 19725.85 10203.83
Haddock 
gear/mesh year ple cod had whg sol %∆ple %∆cod %∆had %∆whg %∆sol
Scenario 1 2016 59548.41 33937.33 3146.53 6210.92 8815.52 35.2 9.3 -1.0 4.1 6.9
Scenario 2 2016 47730.71 27573.74 3166.23 5453.09 8493.90 8.4 -11.2 -0.4 -8.6 3.0
Scenario 3 2016 70110.09 33439.19 3101.19 3025.78 9126.96 59.2 7.7 -2.4 -49.3 10.7
Baseline 2016 44030.96 31043.50 3177.73 5964.82 8246.27
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The mesh size changes of scenario 1 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 1.7% loss in yield (catch) relative to the baseline projection.   
The gear changes of scenario 2 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 1% loss in yield (catch) relative to the baseline projection. 
The static gear changes of scenario 3 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 3.3% loss in yield (catch) relative to the baseline projection. 
Landed weight for haddock in all scenarios show small losses relative to the baseline projection. 
The mesh size changes of scenario 1 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 10.6% loss in yield (catch) relative to the baseline projection. Landed weight shows an 
increase of 4.1% relative to the baseline projection. 
 
Whiting 
The gear changes of scenario 2 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 29.2% increase in yield (catch) relative to the baseline projection. Landed weight 
however shows a significant 8.6% loss relative to the baseline projection. 
The static gear changes of scenario 3 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 52.3% loss in yield (catch) relative to the baseline projection. Landed weight however, 
shows the largest percentage loss of all the scenarios of 49.3% relative to the baseline projection. 
The mesh size changes of scenario 1 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 7.9% increase in yield (catch) relative to the baseline projection. 
Sole 
The gear changes of scenario 2 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 2.8% increase in yield (catch) relative to the baseline projection. 
The static gear changes of scenario 3 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 11.9% increase in yield (catch) relative to the baseline projection. 
Landed weight for sole show significant increases in all of the scenarios relative to the baseline 
projection. Scenario 3 demonstrates the biggest increase in landed weight of 10.7% relative to the 
baseline projection. 
Table 1-4: Spawning stock biomass (SSB, weight in tonnes) after a 10 year projection for plaice, sole, cod, 
haddock and whiting and their % change (∆) relative to the baseline projection. 
 
 
gear/mesh year ple cod had whg sol %∆ple %∆cod %∆had %∆whg %∆sol
Scenario 1 2016 343444.1 104577.4 159374.4 80065.56 34555.68 43.7 9.6 9.1 8.4 18.7
Scenario 2 2016 255847.1 62582.84 153309.4 63760.72 26580.87 7.1 -34.4 4.9 -13.7 -8.7
Scenario 3 2016 432816.7 39081.72 170522.4 108442.1 32283.29 81.1 -59.0 16.7 46.8 10.9
Baseline 2016 238960.9 95419.34 146144.4 73884.19 29106.54
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1.2.16.5 Spawning Stock Biomass 
The mesh size changes of scenario 1 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 43.7% increase in SSB relative to the baseline projection (
Plaice 
Table 1-4). 
The gear changes of scenario 2 for English, Dutch, Belgian and Danish contributions to catches result 
in a 7.1% increase in SSB relative to the baseline projection. 
The static gear changes of scenario 3 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 81.1% increase in SSB relative to the baseline projection. 
The mesh size changes of scenario 1 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 9.6% increase in SSB relative to the baseline projection. 
Cod 
The gear changes of scenario 2 for English, Dutch, Belgian and Danish contributions to catches result 
in a 34.4% loss in SSB relative to the baseline projection. 
The static gear changes of scenario 3 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 59.9% loss in SSB relative to the baseline projection. 
The mesh size changes of scenario 1 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 9.1% increase in SSB relative to the baseline projection.   
Haddock 
The gear changes of scenario 2 for English, Dutch, Belgian and Danish contributions to catches result 
in a 4.9% increase in SSB relative to the baseline projection. 
The static gear changes of scenario 3 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 16.7% increase in SSB relative to the baseline projection.  
The mesh size changes of scenario 1 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate an 8.4% increase in SSB relative to the baseline projection. 
Whiting 
The gear changes of scenario 2 for English, Dutch, Belgian and Danish contributions to catches result 
in a 13.7% loss in SSB relative to the baseline projection. 
The static gear changes of scenario 3 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 46.8% increase in SSB relative to the baseline projection. 
The mesh size changes of scenario 1 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate an 18.7% increase in SSB relative to the baseline projection.  
Sole 
The gear changes of scenario 2 for English, Dutch, Belgian and Danish contributions to catches result 
in a 8.7% loss in SSB relative to the baseline projection. 
The static gear changes of scenario 3 for English, Dutch, Belgian and Danish contributions to catches 
demonstrate a 10.9% increase in SSB relative to the baseline projection. 
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Fig. 1-12 - showing all the scenarios for the total landed weight in tonnes (English, Dutch, Belgian and Danish 
fleets only). 
1.2.16.6 Summary 
The long term effects to yield with the introduction of a mesh size increase (scenario 1) within the 
sole and plaice fishery is beneficial to sole, plaice and cod with substantial % increases relative to the 
baseline forecast. The plaice yield (Fig. 1-12) substantially drops in the first couple of years but is 
followed by large year on year increases. Sole shows a similar pattern to the baseline projection in 
the first few years but then increases and overtakes to give a substantial increase in yield. Cod also 
follows the baseline projection, in the short term there is no considerable loss in yield but increases 
in the latter years of the projection. Haddock depicts a small loss in yield and whiting a larger loss in 
the long term. English, Dutch, Belgian and Danish generally do not target haddock so there will be 
little change from the baseline forecast. Whiting is a smaller fish with relatively low growth potential, 
the increase in mesh size suggests that the yields will decline as these fish can no longer be retained 
by the gear. 
The long term effects to yield with the replacement of the beam trawl (scenario 2) with a pulse trawl 
and outrigger otter trawl show substantial benefits for whiting and a significant loss for cod relative 
to the baseline forecast. Small gains were observed for plaice and sole. 
The long term effects to yield with the replacement of towed gears (scenario 3) with static gears 
show substantial benefits for plaice and sole and a significant loss for whiting relative to the baseline 
forecast.   
As expected a delay in capture at age benefits the stock in that spawning stock biomass will increase 
along with future catch rates for all species relative to the baseline forecast. 
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Fig. 1-13 – Scenario 1: Harvest, yield, SSB and recruits - top left and right, cod and haddock, middle left and 
right plaice and sole and bottom left whiting 
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Fig. 1-14 - Scenario 2: Harvest, yield, SSB and recruits - top left and right, cod and haddock, middle left and 
right plaice and sole and bottom left whiting. 
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Fig. 1-15 - Scenario 3: Harvest, yield, SSB and recruits - top left and right, cod and haddock, middle left and 
right plaice and sole and bottom left whiting. 
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Further detailed graphs are given in Section 1.5, Annex 1. 
1.2.17 Geographical distribution of fleet activity 
No change compared to the “2006 fishery”. 
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1.2.18 Socio-economic analysis 
1.2.18.1 Introduction 
The main aim of this task 4.4 is to estimate future income and profit possibilities, over the years 
2006-2016, with different mesh sizes than the existing ones, involving a total of four fleet segments 
and 73 métiers.  
1.2.18.2 Method 
Two datasets were used to estimate future income and profits possibilities: 1) estimates by 
simultaneous introduction of a baseline dataset of income values as well as costs for each of a total 
of 73 métiers, and 2) expected income changes as a percentage of baseline incomes with different 
mesh sizes for each year and each species (see s bellow). The fish species include a total of 13 
categories referred to as: sole, plaice, cod, whiting, haddock, other flatfish, other roundfish, 
crustaceans, rays & sharks, cephalopods, shells, pelagics and other.  
The expected income changes were used together with data on income values of the fish species for 
different métiers and fleet segments for a baseline year equal to values relevant to 2006. The 
expected estimates of future incomes for each métier was thus straight forward by applying the 
formula: 
It = ∑[I2006 + (s * I2006
where 
)] 
It
I
 is the Income in year t {2006,…., 2016} 
2006
s is the income change from the baseline year for each year and métier (%)  
 is the income in year 2006 
Four fleet segments consist of 1) static gear, 2) demersal trawl, 3) demersal seine and 4) beam trawl. 
A total of fourteen relevant future mesh sizes are summarized in Table 1. The new mesh sizes were 
assumed to increase or otherwise stay the same as the old categories. The demersal trawl (OTB140 
and OTB90) and the beam trawl (TBB140 and TBB90) would involve the most métiers, and also most 
of the future mesh size possibilities (Table 1).  
Based on the data set obtained, a total of 20 figures were created to show how the incomes in the 
future differ for different fleet segments with respect to total incomes as well as incomes specified to 
the harvested species. Moreover, income and profit differences for a total of three length categories 
and the fourteen mesh sizes are illustrated by figures, and so are the different trends that are linked 
to the new mesh sizes. Finally, the profits per gear is illustrated by the very last Figure.   
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Table 1. New mesh sizes to represent future possibilities, number of métiers that would fit the different 
mesh sizes and the métiers number labeled on each category. 
Fleet 
segments 
New mesh 
size 
No. of 
métiers 
Métiers no. 
Static Gear 
 
GNS100 6 M01,M02, M03, M07, M06, M08  
GNS140 2 M04, M05 
GTR100 1 M15 
GTR140 2 M09, M14 
Demersal 
Trawl 
OTB140 12 M18, M19, M22, M23, M24, M25, M26, M31, 
M32, M33, M34, M35  
OTB90 9 M20, M21, M27, M28, M29, M30, M36, M37, 
M38 
OTT140 2 M40, M42 
OTT90 3 M39, M41, M43 
PTB90 3 M47, M48, M49 
Demersal 
seine 
 
SDN140 3 M50, M51, M52 
SDN90 1 M53 
Beam trawl OTX90 3 M44, M45, M46 
TBB140 17 M54, M55, M56, M57, M58, M59, M60, M61, 
M65, M66, M67, M71, M72, M73, M74, M75, 
M76 
TBB90 9 M62, M63, M64, M68, M69, M70, M79, M80, 
M81 
 
1.2.18.3 Future incomes by gear type 1.2.18.3.1 Comparing different gear types 
In this section we present the future incomes estimated for the four gear types 1) static gear, 2) 
demersal trawl, 3) demersal seine and 4) beam trawl. 
In Fig. 1-16 the total income values are shown for the four fleets. Whereas a drop is observed in 
2007, this is followed with an increase from 250 to more than 300 Mill Euro per year. Whereas the 
income values for the Beam trawl fleet is expected to increase in the range between 200-250 Mill 
Euro from 2007 to 2016, the other fleets can expect more stable incomes; all three bellow 50 Mill 
Euro per year. 
Fig. 1-17 specifies to which species the income expectations would be linked in the years 2006-1016. 
For the Beam trawl fleet, sole, plaice and other flatfish are the three most important sources of 
income, although cod also plays an important role to this segment. Incomes for all flatfish species are 
expected to drop in 2007, and thereafter increase moderately over the period. For the Demersal 
seine fleet, the most important source of income is plaice, and it is expected that the income from 
this species will increase over the years for this segment. Whilst for the Demersal trawl fleet, the 
crustaceans is the most important species, followed by plaice and other flatfish, the most important 
species for the Static gear fleet is sole, followed by plaice and cod. All these species for these two 
segments will increase towards the end of the period, although in the first year they will have a 
decrease. 
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Fig. 1-16 - Total income values estimated for the different fleets, including all species, over the years 2006-
2016. 
The figure below gives the operational profit per unit of value landed. The 90mm group is still 
profitable and even profits of the fish that is not caught anymore by the larger mesh groups. The 
100mm group makes a small financial loss and the 140mm is hit hard by the mesh size increase.  
 
 
 
The long term trend in value and profit by mesh size (and gear type combined) is given in Fig. 1.22 
and the trend in profit by mesh category is given in Fig. 1.23. From this it is clear that the 90mm takes 
a small early loss but then quickly gains a profit that is higher than the baseline. The 100mm group 
starts off with a profit close to zero which does not change much over the years. The greatest loss is 
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suffered by the 140mm group. The loss gradually decreases over the years but does not get break-
even within 10 years.  
 
Fig. 1 23 - Profit values estimated for three gears; 90mm, 100mm and 140mm, over the years 2006-2016. 
1.3 Comparing gear types with respect to species 
Fig. 1-18 compares incomes estimated for five of the species involved, including sole, plaice, cod, 
haddock and whiting, by fleet segment. The yearly income for the Beam trawl fleet is a lot higher 
than for the other fleets, not only from harvesting sole and plaice, but also from harvests of cod. For 
sole and plaice it is estimated that the incomes will increase over the years after a drop in 2007 in the 
range 90-100 mill Euro per year for sole and 55-85 mill Euro per year for plaice. Cod income values 
will stay relatively stable for this segment at around 7 Mill Euro per year, although with small 
fluctuations in the first half of the period. Although the main income source for the Static gear fleet is 
sole, this segment takes the largest income share of cod.  
The Demersal trawl segment gains the highest incomes from whiting, haddock and crustaceans, 
followed by the beam trawl segment. The incomes from all the three species will be rather stable for 
this fleet segment, although a small increase is observed after 2007. Crustaceans provides incomes in 
the range between 15 and 20 Mill Euro, whiting in the range between 1 and 1.2 Mill Euro and 
haddock provides incomes of less than 0.3 Mill Euro to the Demersal trawlers. The figures show that 
the incomes of the Demersal seine and Static gear fleets are very low compared with the incomes of 
the other fleet segments.           
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Fig. 1-17 - Income values estimated for the four gear groups, specified for different species, over the years 2006-2016.  
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Figure 6. Income values estimated for sole, specified for different fleets, over the years 2006-2016. 
   
Fig. 1-18 -. Income values estimated for sole, plaice, cod, whiting and haddock specified for different fleets, over the years 2006-2016. 
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1.3.1.1 Future income values and profits per length of vessels 
In this section we have estimated income values and profit values for three different lengths 
categories: 1) 12-24 meters, 2) 24-40 meters and 3) >40 meters. In Fig. 1-19 we can see that the 
longest length category is earning the highest income, and this income is expected to increase over 
the years 2007-2016 from 140 to almost 170 Mill Euro per year. Whereas the other two categories 
both earn an income around 60 Mill Euro in 2006, they can expect a relatively small increase over the 
years to some 70 Mill Euro per year. In Fig. 1-20 the profits of the three length categories are shown. 
Whereas the profits for the largest category is expected to grow from around 20 Mill Euro to more 
than 40 Mill Euro with a drop to 10 Mill Euro in 2007, the profits of the mid-length category will 
increase from around zero to some more than 10 Mill Euro, but with a net loss in 2007. The smallest 
category of vessels is operating at a net before 2011, but will gain a relatively small profit in the end 
of the period.  
1.3.1.2 Future income values and profits per mesh size 
In this section we look at the aggregated income values (Figures 14-16), as well as profit values (Fig. 
1-21), for each of the 14 mesh sizes during the years 2006-2016. The number of métiers in each mesh 
size category can be found in Table 1. 
The highest income values can be found in Figure 14 (TBB90) - an income that is expected to increase 
from 195 Mill Euro to some 230 Mill Euro over the period – although with a drop in 2007. The three 
following highest income values can be found in the same Figure 14 in the range from 10 to 20 Mill 
Euro (OTT90, OTX90 and SDN90). All these high income values show relatively stable trends.  
All the other mesh sizes give lower incomes. While seven categories fall in income level categories of 
between 1 and 9 Mill Euro, three more fit into the lowest level income values of between 0 to 2 Mill 
Euro. Whilst SDN140 and SDN90 show rather fluctuating trends before 2011, most of the other mesh 
sizes provide moderately increasing but stable trends in income values over the years 2006-2016, 
although a small drop in value can be observed in 2007 for most of the mesh sizes. 
The profits estimated for the 14 mesh size categories are shown in Fig. 1-22. The highest profits will 
be obtained by TBB90, and three more mesh sizes can expect positive net profits over the whole 
period, SDN90, OTT90 and OTX90.  The three latter will obtain profits in the range between 0 and 1 
Mill Euro. Whereas the trend of the TBB90 is increasing over the period although with a drop in 2007, 
the trends of the others are relatively stable. 
All the ten remaining mesh sizes will not obtain a positive profit during the period, although the 
mesh sizes OTB90, OTT140 and SDN140 will obtain some positive net profit in some years. Although 
one mesh size shows very stable trend (GTR100) and one is fluctuation (SDN140), most of the mesh 
sizes observe a drop in 2007 followed by an increase in profits over the rest of the period. 
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Fig. 1-19 -. Income values estimated for three categories of length of vessels: 1) 12-24 meters, 2) 24-40 
meters and >40 meters, over the years 2006-2016. 
 
 
 
Fig. 1-20 Profit values estimated for three categories of length of vessels: 1) 12-24 meters, 2) 24-40 meters 
and >40 meters, over the years 2006-2016. 
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Fig. 1-21 - Income values estimated for three of the fourteen mesh sizes with total values between 0 and 2 Mill Euro, over the years 2006-2016. 
     
 
Fig. 1-22 Profit values estimated for four of the fourteen mesh sizes with total values of more than 0, over most of the years 2006-2016. 
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1.3.1.3 Future profits per gear 
In this section we have aggregated future profits per gear, including 90mm, 100mm and 140mm. 
Whereas in the 90mm category there are some 28 métiers and in the 140mm category some 38 
métiers, the 100mm category only involves seven métiers. 
Fig. 1-23 shows that the 90mm gear is the only category with net positive profits, and it will increase 
from around 20 Mill Euro to more than 60 Mill Euro over the years 2007-2016 after a drop from 
almost 40 Mill Euro in 2006. Whilst the 100mm gear category will stay stable at zero profits over the 
period, the 140mm category will have a net loss of around 20 Mill Euro increase over the period to 
around the half.    
 
Fig. 1-23 - Profit values estimated for three gears; 90mm, 100mm and 140mm, over the years 2006-2016. 
 
 
1.3.1.4 Summary 
The main aim was to estimate incomes over the years 2006-2016 with the use of larger mesh sizes 
than what is used today. Data on landings and income shares were applied to estimate total incomes 
and incomes that will arrive from different species for a total of four fleet segments and 73 métiers. 
The estimates are presented in a total of 20 figures. It is shown that the Beam trawl fleet is the 
segment that will get the largest share of the future incomes. This segment involves the most métiers 
(29 métiers in total) together with the Demersal trawl fleet (also 29 métiers). Whereas the income 
levels for Beam trawl fleet are in the range between 200 and 250 Mill Euro over the years, showing 
an increasing trend, the second highest income of the Demersal trawl fleet are of less than 50 Mill 
Euro with a more stable trend. Whereas sole, plaice and other flatfish are main sources of income for 
the Beam trawl fleet, the crustaceans is most important species for the Demersal trawl fleet, 
followed by plaice and other flatfish. Whereas the plaice is the most important species to the 
Demersal seine fleet, sole, plaice and cod are the most important source of income to the Static gear 
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fleet. Most of these species show increasing trends over the years 2006-1016, although income from 
plaice is fluctuating before 2011 for the Demersal seine fleet.  
The total incomes of three length categories: 1) 12-24 meters, 2) 24-40 meters and 3) >40 meters 
show that highest incomes and profits will be obtained by the largest vessel category, and the 
smallest will have a net loss before 2011. The aggregated income of different mesh sizes show that 
most have an increasing trend after a drop in 2007, although a few also have a fluctuating trend 
before 2011 (SDN90 and SDN140). A positive net profit over the whole period is only obtained by 
four of the different mesh sizes, and the remaining ten categories can expect net loss over at least 
some of the period. Only the 90mm gear category will have net profit over the years, whereas the 
100mm gear category will stay stable at zero profits and the 140mm will have a loss of around 20 Mill 
Euro per year.  
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1.4 Dicussion and conclusions 
Increasing the minimum legal mesh size is a simple and straightforward measure to reduce discarding 
of commercial fish as well as non-commercial fish and invertebrates. In theory, any increase in mesh 
size would reduce the catch of a fishery operation, be it towed or set gear. Whether actions of 
fishermen to reduce selectivity, when confronted with commercial catch loss due a mesh size 
increase, would occur and which actions are possible to do this is speculation and not part of this 
study. This possibility should, however, been taken into account when taking management measures.  
In Scenario 1 of this study, a mesh size increase was investigated to 90mm and 140mm for towed 
gear (incl. demersal seine) and to 100mm and 140mm for set nets. This was done for the whole 
North Sea fleet catching a non-negligible amount of sole and plaice. This measure leads to a 
reduction in landings for sole, plaice and all other species of 14%, 4% and 9% respectively. This leads 
to an overall loss in revenue of 10%, i.e. from 297,222 k€ to 268,335 k€. The smaller vessels seem to 
lose relatively more landings compared to the larger vessels and this is also the case for static gear 
compared to towed gear (in general). The 140mm and 100mm fisheries lose most landings whereas 
the 90mm fishery looses sole but increases its plaice catch. In general profitability decreases but 
stays positive for the larger vessels, not for the smaller segment. The beam trawl and the twinrig, as 
the only gear types, keep a positive profit. The break-even fuel price for the fleet is 0.47 € compared 
to 0.59 € for the baseline fishery. 
The immediate total estimated number of discards for sole, plaice, cod, haddock and whiting is 
reduced with 32% and the sole and plaice discard numbers are reduced with 31%. The SSB of sole, 
plaice, cod whiting and haddock is expected to increase with 19%, 44%, 10%, 8% and 9% respectively 
- ten years after the introduction of the new mesh sizes. The yield of the stock, in terms of landings, 
increases for all five species and especially for plaice, with 35%. 
 
The plaice yield substantially drops in 
the first couple of years but is followed by large year on year increases. Sole shows a similar pattern 
to the baseline projection in the first few years but then increases and overtakes to give a substantial 
increase in yield. Cod also follows the baseline projection, in the short term there is no considerable 
loss in yield but increases in the latter years of the projection. As expected a delay in capture at age 
benefits the stock in that spawning stock biomass will increase along with future catch rates for all 
species relative to the baseline forecast. 
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1.5 Annex 1 
Figure 5 GNS (gillnets) showing all the scenarios for the total landed weight in tonnes (English, 
Dutch, Belgian and Danish fleets only) top left and right, cod and haddock, middle left and right 
plaice and sole and bottom left whiting). 
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Figure 6 GTR (trammel nets) showing all the scenarios for the total landed weight in tonnes 
(English, Dutch, Belgian and Danish fleets only) top left and right, cod and haddock, middle left 
and right plaice and sole and bottom left whiting). 
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Figure 7 OTB (otter trawl) showing all the scenarios for the total landed weight in tonnes 
(English, Dutch, Belgian and Danish fleets only) top left and right, cod and haddock, middle left 
and right plaice and sole and bottom left whiting). 
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Figure 8 OTT (twin otter trawl) showing all the scenarios for the total landed weight in tonnes 
(English, Dutch, Belgian and Danish fleets only) top left and right, cod and haddock, middle left 
and right plaice and sole and bottom left whiting). 
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Figure 9 OTX (mixed otter trawl) showing all the scenarios for the total landed weight in tonnes 
(English, Dutch, Belgian and Danish fleets only) top left and right, cod and haddock, middle left 
and right plaice and sole and bottom left whiting). 
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Figure 10 PTB (pair trawl) showing all the scenarios for the total landed weight in tonnes 
(English, Dutch, Belgian and Danish fleets only) top left and right, cod and haddock, middle left 
and right plaice and sole and bottom left whiting). 
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Figure 11 SDN (Danish seine) showing all the scenarios for the total landed weight in tonnes 
(English, Dutch, Belgian and Danish fleets only) top left and right, cod and haddock, middle left 
and right plaice and sole and bottom left whiting). 
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Figure 12 TBB (beam trawl) showing all the scenarios for the total landed weight in tonnes 
(English, Dutch, Belgian and Danish fleets only) top left and right, cod and haddock, middle left 
and right plaice and sole and bottom left whiting). 
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2.1 Methodology 
2.1.1 General 
The gear used in the North Sea flatfish directed fishing fleet is mainly the beam trawl. More than 88% 
of the fishing effort (Fig. 1.9) can be attributed to beam trawlers. Section B of this project report 
already clearly indicated the very high fuel consumption of this fishery. In the present day situation 
of fluctuating and rising fuel prices, the economic viability of this part of the fleet is under increasing 
pressure. Any means of reducing fuel consumption is therefore welcome and several options are 
available (see Section A).  
For this scenario it was decided to simulate the introduction of technical improvements to fishing 
gear or alternative gears under the assumption that the same fishing fleet would stay active and 
fishing effort would not change. Two sub-scenarios were studied. 
For Scenario 2a, one fuel saving technique was chosen for simulation, i.e. the Sumwing (see Section 
2.1.2). The reason for selecting this option was the increasing interest in the fishing industry today 
for the Sumwing and the successful commercial application aboard an increasing number of beam 
trawlers. So far, only vessels of the segments 24-40m and >40m have tried this new gear design, so 
the simulation was constrained to the following vessel segments: 
- Fishing method:  beam trawl (TBB) 
- Vessel length:   24-40m and >40m 
- Mesh size:   all 
For the sake of clarity and ease of interpretation of the results, the simulation was limited to one fuel 
saving technique. 
For Scenario 2b, two alternative fishing methods were selected to replace the beam trawl, one for 
the sole directed fishery and one for the plaice directed fishery. To target sole the “flatfish pulse 
trawl” shows good prospect with lower fuel consumption and the same or better sole catches 
compared to the traditional beam trawl. To target plaice, the outrigger otter trawl was selected, 
mainly for its lower fuel consumption. 
A general description of the methodology can be found in Section B of this report. 
2.1.2 The Sumwing for the beam trawler fleet 
The Sumwing (Fig. 2-1) is a wing shaped hydrodynamic trawl beam assuring the horizontal opening of 
the net. It has been designed by the Dutch company HfK Engineering to reduce the hydrodynamic 
resistance of the beam trawl beam and increases its effectiveness with increasing fishing speed (and 
thus turbulence).  
The wing is steered by the nose (Fig. 2 2). The equilibrium of the hydrodynamic and gravitational 
forces in the warp, wing or beam, and the net with tickler chains, tilt the wing downwards so that the 
gear is sent to the seafloor. Once the nose touches the seafloor, it causes the wing to tilt upwards 
until it is in a hydrodynamically neutral position. The nose is an essential part of the gear and allows 
the gear to closely follow the surface profile of the seafloor. 
A Dutch (van Marlen et al, 2009) and a Belgian report (Huyghebaert et al, 2010) indicate the costs 
and fuel saving of this technique: 
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- Costs: 50.000 € to equip one large beam trawler (yearly cost) 
- Fuel saving: 11% (van Marlen et al, 2009) to 13% (Huygghebaert et al, 2010), avg. 12% 
Due to the short period of commercial application, the life span of the equipment is not known. A life 
span of one year has been chosen which is considered to be a conservative approach. 
The difference in penetration depth has been calculated as follows: 
Gear characteristics of a standard beam trawl (Paschen et al., 2000): 
- Beam trawl shoe width:  0.5 m 
- Gear width:    12 m 
- Chain link thickness:   20 mm 
- Penetration depth_1:   11 mm 
- Penetration depth _8:   20.4 mm (factor 1.857, because > 7 tickler chains) 
- Penetration depth_shoe:  40 mm 
Characteristics of the Sumwing: 
- Penetration depth nose:  40 mm  
- Nose width:    0.24 m 
We assume for the standard gear that the tickler chains touch the seafloor at 0.25 * shoe width from 
the outside and that both gears have the same tickler chains. 
The average penetration depth of the standard beam trawl can be calculated as: 
APD = ((GW - 2 * BTSW) * PD _8 + 2* BTSW * PD _shoes) / GW = 22.9mm 
APD = Average penetration depths 
GW = Gear width 
BTSW = Beam trawl shoe width  
PD = Penetration depth 
 
For the Sumwing this equation transforms to: 
APD = ((GW – 0.5 * BTSW) * PD _8 +NW * PD _nose) / GW = 20.6mm 
NW = Nose width 
 
This is a reduction of about 10%. 
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Fig. 2-1 - The Sumwing in action in between hauls 
   
Fig. 2-2 – The functioning of the nose of the Sumwing (towing direction is to the right) 
 
Following elements in the projects database were adjusted to simulate the use of the Sumwing: 
- Operational costs: +50.000 € 
- Penetration detph: -10% 
- Fuel consumption: -12% 
The relevant indicators are presented in the Results section.  
2.1.3 Alternative gears for the beam trawl fleet 
The relevant characteristics of the pulse and the outrigger fishery for this Scenario are summarized in 
Table 2-4: 
Table 2-1: Data on the pulse trawl and the outrigger trawl fishery 
 Pulse trawl 
small beam 
trawler 
Pulse trawl 
small beam 
trawler 
Pulse trawl 
large beam 
trawler 
Outrigger 
trawl small 
beam trawler 
Outrigger trawl 
large beam 
trawler 
Fuel consumption  -45% -45% -45% -52% -52% 
Extra costs, incl. investment 
depreciated over 4 yrs (€) 
+100.000 +130.000 +150.000 --- --- 
Towing speed (kn) 3.5 4.5 5.5 2.8 2.8 
Horizontal net opening (m) --- --- --- 30 43 
Sediment penetration (cm) 0.9 0.9 0.8 1.5 1.2 
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Data on the pulse trawl have been retrieved from Hoefnagel and Taal (2010) and through personal 
communication with the company Verburg Holland Ltd., the producer of the pulse trawl. Data on the 
outrigger trawl have been retrieved from interim reports to the Dutch government of the Dutch VIP-
Outrigger project (van Marlen et al., 2009). 
The model in (Piet et al., 2009) was adapted to calculate the effects of various scenarios of using 
alternative gears for catching plaice and sole. Several scenarios were run. The métiers BeamHp2, and 
BeamHp3 (Table 2-2) were varied into using a pulse trawls instead of conventional tickler chain beam 
trawls (scenario 2a, 2b) or using outrigger trawls replacing the conventional tickler chain beam trawls 
(scenario 3a, 3b, 3c, and 3d). Combinations are given in scenario 4, and including BeamHp1 (euro-
cutters) in scenario 5. These variations were expressed in the model in terms of gear characteristics 
(e.g. gear width, towing speed and gear height), and modified catch efficiencies based on trials in 
which landings and sometimes discards were compared for major target species (van Marlen et al., 
2005; van Marlen et al., 2006; Steenbergen and van Marlen, 2009; van Marlen et al., 2009b). In a 
number of cases estimates were used where comparative data were lacking. The total catchability 
should not exceed 1.0, meaning that more than all available fish in the working area of the trawl 
cannot be caught. 
Table 2-2: The codes used in the model 
Model code Gear Vessel length class( m) 
Beamhp1 TBB 12-24 
Beamhp2 TBB 24-40 
Beamhp3 TBB >40 
Beamhp4 TBB 24-40 
OtterFish1 OTB 12-24 
OtterFish2 OTB 24-40 
OtterFish3 OTT 12-24 
OtterFish4 OTT 24-40 
OtterFish5 OTX 12-24 
OtterFish6 OTX 24-40 
Stat1 GNS 12-24 
Stat2 GNS 12-24 
Stat3 GTR 12-24 
Stat4 GTR 12-24 
 
An overview of all the sub-options that were run for Scenario 2b is given in Table 2-3 
The basic data for this simulation were retrieved from field trials. In a catch comparison experiment, 
the pulse trawl was compared with tickler chain beam trawls in 2005 and 2006 and showed that the 
ratio pulse/conventional for sole was 78.2%, and the ratio pulse/conventional for plaice (kg/hr) was 
64.5% both averaged over 5 trips. Also the sole discard rate found was 77.8% (s.) compared to 
standard beam trawl, and the plaice discard rate found was 101.8% (n.s.), (van Marlen et al., 2006). 
However, the new results in 2009-10 with the vessel TX68 show an entirely different picture, 
although we have no direct comparison with conventional beam trawlers in the same time and area. 
An indirect comparison with conventional beam trawls showed: sole ratio 3.222, plaice 0.412 (LpUE 
in kg/hr). Likewise discard in kg/hr: sole ratio 2.778, plaice 0.269, but it should be noted that this 
comparison was not done for vessels fishing in the same area at the same time (Steenbergen and van 
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Marlen, 2009). Therefore we decided to use the factor 1.1 for marketable sole (avoiding too high a 
catchability), 0.778 for undersized sole, 0.60 for marketable plaice, and 1.0 for undersized plaice, and 
1.0 for roundfish for the pulse trawl. For the width and height of the gear the same values were used 
as for the tickler chain beam trawl, and the towing speed for the pulse trawls was set to 5.5 kts in all 
cases (van Marlen et al., 2006). 
The Dutch outrigger project resulted in data for CPUE for the main target species (van Marlen et al, 
2009). Ratio Outrig/Beamtrawl CPUE plaice 1.4, and the CPUE ratio Outrig/Beamtrawl for sole was 
0.16. The gear spread for the outrigger was on average about 21.5 m (two gears: 43 m), the headline 
height 2 m, and the towing speed 2.8 kts. For the smaller gears (BeamHp1) we took a spread of 28 m 
for the two gears based on experience in Belgium (personal communication Hans Polet). The ratio in 
discards found was as follows: for plaice varying 82%-381%; and for whiting 94%-554%, based on a 
monitoring period of two weeks. It should be noted, however, that the skippers did not aim to get 
minimum discards (van Marlen et al., 2009b). We chose the following factors for catching efficiency: 
marketable plaice: 1.0; undersized plaice 1.0; marketable sole: 0.1; undersized sole 0.05; and 
roundfish: 1.5 (Table 2-3). 
The option selected for further calculation was option 5. 
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Table 2-3: List of options within Scenario 2b, with gear characteristics and catch efficiencies  
  GearCharacteristics     CatchEfficiencies    
option description gear mesh width speed height fishing_day bPLE sPLE bSOL sSOL RF 
0 base line BeamHp2 80 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 90 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 100 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 120 22 5.5 1 20 1 1 1 1 1 
  BeamHp3 80 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 90 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 100 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 120 24 6.5 1 20 1 1 1 1 1 
             
2a pulse trawl BeamHp3 (80-90) BeamHp2 80 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 90 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 100 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 120 22 5.5 1 20 1 1 1 1 1 
  BeamHp3 80 24 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp3 90 24 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp3 100 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 120 24 6.5 1 20 1 1 1 1 1 
             
2b pulse trawl BeamHp2&3 (80-90) BeamHp2 80 22 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp2 90 22 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp2 100 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 120 22 5.5 1 20 1 1 1 1 1 
  BeamHp3 80 24 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp3 90 24 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp3 100 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 120 24 6.5 1 20 1 1 1 1 1 
             
3a outrigger BeamHp3 (100-120) BeamHp2 80 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 90 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 100 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 120 22 5.5 1 20 1 1 1 1 1 
  BeamHp3 80 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 90 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 100 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp3 120 43 2.8 2 20 1 1 0.1 0.05 1.5 
             
3b outrigger BeamHp2&3 (100-120) BeamHp2 80 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 90 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 100 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp2 120 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp3 80 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 90 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 100 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp3 120 43 2.8 2 20 1 1 0.1 0.05 1.5 
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  GearCharacteristics     CatchEfficiencies    
option description gear mesh width speed height fishing_day bPLE sPLE bSOL sSOL RF 
             
3c outrigger BeamHp3 (80-90) BeamHp2 80 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 90 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 100 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 120 22 5.5 1 20 1 1 1 1 1 
  BeamHp3 80 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp3 90 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp3 100 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 120 24 6.5 1 20 1 1 1 1 1 
             
3d outrigger BeamHp2 (80-90) BeamHp2 80 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp2 90 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp2 100 22 5.5 1 20 1 1 1 1 1 
  BeamHp2 120 22 5.5 1 20 1 1 1 1 1 
  BeamHp3 80 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 90 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 100 24 6.5 1 20 1 1 1 1 1 
  BeamHp3 120 24 6.5 1 20 1 1 1 1 1 
             
4 pulse trawl BeamHp2&3 (80-90) BeamHp2 80 22 5.5 1 20 0.6 1 1.1 0.778 1 
 outrigger BeamHp2&3 (100-120) BeamHp2 90 22 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp2 100 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp2 120 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp3 80 24 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp3 90 24 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp3 100 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp3 120 43 2.8 2 20 1 1 0.1 0.05 1.5 
             
5 pulse trawl BeamHp1&2&3 (80-90) BeamHp1 80 8 5.5 1 20 0.6 1 1.1 0.778 1 
 outrigger BeamHp1&2&3 (100-120) BeamHp1 90 8 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp1 100 28 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp1 120 28 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp2 80 22 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp2 90 22 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp2 100 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp2 120 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp3 80 24 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp3 90 24 5.5 1 20 0.6 1 1.1 0.778 1 
  BeamHp3 100 43 2.8 2 20 1 1 0.1 0.05 1.5 
  BeamHp3 120 43 2.8 2 20 1 1 0.1 0.05 1.5 
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2.2 Results Sumwing (Scenario 2a) 
2.2.1 Fact sheet 
FACT SHEET Scenario 2a – Introduction of Sumwing TOTAL 
Catch weight Total landed sole 9,865 ton 
 Total landed plaice 38,828 ton 
 Total landed other spp 29,794 ton 
 Total landed fish weight 78,487 ton 
Catch value Total value catch 297,222 kEuro 
 Average value of 1kg fish 3.68 € 
Socio-economic Total employment  293,149 persondays 
 Total operational cost  253,415 k€ 
 Total variable cost 95,013 k€ 
 Total crew share 67,833 k€ 
 Total fuel cost 89,232 k€ 
 Break-even fuel price 0.62 € 
 Total days at sea 61,874 days 
Discarding Numbers of sole, plaice, cod, haddock and whiting 
discarded 
584,799,592 
 Numbers of sole and plaice discarded 543,806,342 
 Effect on SSB  --- 
 Effect on yield  --- 
Ecological Total fuel consumption 215,495 m³ 
 Total CO2 production (ton) 588.732 
 Liters fuel for 1 kg of fish 2.8 liter 
 Liters fuel for 1 Euro landed fish 0.73 liter 
 Fished surface 239,237 km² 
 Years to sweep surface equal to whole North Sea 3 yrs 2 months 
 Total displaced sediment 4.5km³ 
 Years to move 1cm top layer sediment of whole North 
Sea 
1 yr 8 months 
 Length set nets per year  159,241 km 
It should be stressed that parameters like "surface fished", "sediment displaced", "years to…" are merely a 
measure of the magnitude of seafloor impact and do not take operational characteristics of the vessels into 
account. These cannot be used as absolute figures. 
 
2.2.2 Métiers 
The number of métiers did not change.  
2.2.3 Fishing effort 
The fishing effort and the partitioning of it over the different métiers have been kept constant. 
2.2.4 
The landings were assumed to remain unchanged. A comparison was made of the catches and fuel 
consumption of a commercial beam trawler using two “SumWing”-gears and a sister ship fishing with 
Landings 
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two conventional beam trawls. The vessels were fishing side-by-side in the North Sea for two weeks 
in October 2008. The catches of both vessels were quite the same, and the reduction in fuel 
consumption was 11% (van Marlen et al., 2009a). Similar experiments were carried out in Belgium 
where 10 vessel using Sumwing were monitored. No catch losses were recorded and the fuel saving 
has been calculated at 13%. Recent experiments even showed fuel savings up to 23%. 
2.2.5 Value 
The value of the landings remained unchanged.  
2.2.6 Operational costs and profit 
 
Fig. 2-3 – The Total operational costs and profit for the whole fleet in 2006 and Scenario 2a. 
The operational costs of a beam trawl fleet using the Sumwing are slightly lower compared to the 
traditional beam trawl fleet, despite the yearly investment cost of 50.000 €. The profit in Scenario 2a 
is also slightly higher compared to the 2006 fishery. 
0
50,000,000
100,000,000
150,000,000
200,000,000
250,000,000
300,000,000
Fishery 2006 Sumwing
Total operational costs 
(€/yr)
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
Fishery 2006 Sumwing
Profit (€/€ fish)
Page 16 of 42 
 
2.2.7 Fuel consumption 
 
The total fuel consumption of the fleet is some 10% lower with the Sumwing compared to the 
traditional trawls used in 2006. 
2.2.8 Employment 
The employment was kept unchanged. 
2.2.9 Technical data 
See the Methodology Section in this report. 
2.2.10 Impact data 
 
As fuel consumption goes down with approximately 10%, CO2 production reduces equally. Besides 
the benefit of lower fuel consumption, the seafloor contact and the penetration depth of the gear 
reduces by using the Sumwing. Consequently, the displaced sediment reduces.  
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2.2.11 By-catch of marine mammals, seabirds and unaccounted mortality 
No change. 
2.2.12 Mortality of non-commercial benthic species (epifauna and infauna) 
The catch comparison mentioned in Section 2.2.4 did not reveal any noticeable differences in by-
catch between the conventional beam trawl and the SumWing trawl (van Marlen et al., 2009a). 
2.2.13 Discards 
No change. 
2.2.14 Long term effects of discarding 
No change. 
2.2.15 Geographical distribution of fleet activity 
No change. 
 
2.2.16 Discussion and conclusions 
The Sumwing is a wing shaped replacement of the beam trawl beam and shoes and reduces 
hydrodynamic drag and seafloor contact. Applying the Sumwing allows fishermen to trawl at the 
same towing speed as before, with a reduced fuel consumption, reduced CO2 production and less 
seafloor damage. The break-even fuel price for the whole fleet rises from 0.59 € to 0.62 €.Despite the 
investment cost, total operational costs drop slightly and profit increases slightly due to a reduced 
fuel consumption.  
This is assuming that speed is indeed kept constant. The reduced hydrodynamic resistance of the 
Sumwing would, however, also allow increasing the towing speed and fish with a similar amount of 
fuel but sweep more ground and probably catch more fish. Data is lacking but anecdotal information 
also points at shorter heave-in times. This remark is, however, speculative. 
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2.3 Results alternative gears (Scenario 2b) 
2.3.1 Fact sheet 
FACT SHEET Scenario 2b – Replacing the beam trawl with pulse 
trawl and outrigger trawl 
TOTAL 
Catch weight Total landed sole 10,991 ton 
 Total landed plaice 34,533 ton 
 Total landed other spp 29,654 ton 
 Total landed fish weight 75,282 ton 
Catch value Total value catch 299,693 kEuro 
 Average value of 1kg fish 3.98 € 
Socio-economic Total employment  293,149 persondays 
 Total operational cost  235,692 k€ 
 Variable cost 82,744 k€ 
 Total crew share 67,833 k€ 
 Total fuel cost 63,226 k€ 
 Break-even fuel price 0.84 € 
 Total days at sea 61,874 days 
Discarding Numbers of sole, plaice, cod, haddock and whiting 
discarded 
556,805,148 
 Numbers of sole and plaice discarded 515,785,427 
 Effect on SSB after 10 yrs with alternative gears SOL:-9 %  
PLE: +7%  
COD:-34% 
 WHG:-14% 
 HAD:+5% 
 Effect on yield (landings) after 10 yrs with alternative 
gears 
SOL:+3% 
 PLE: +8%  
COD:-11%  
WHG: -9% 
 HAD: 0% 
Ecological Total fuel consumption 150,681 m³ 
 Total CO2 production (ton) 411.661 
 Liters fuel for 1 kg of fish 2.0 liter 
 Liters fuel for 1 Euro landed fish 0.50 liter 
 Fished surface 226,904 km² 
 Years to sweep surface equal to whole North Sea 3 yrs 3 ms 
 Total displaced sediment 2.2 km³ 
 Years to move 1cm top layer sediment of whole North 
Sea 
3 yr 5 ms 
 Length set nets per year  159,241 km 
 
Note that the alternative gears have been introduced in the TBB group, the pulse trawl as well as the 
outrigger trawl. For the ease of comparing scenarios, the pulse trawl and outrigger trawl results have 
been kept under the heading TBB. 
2.3.2 Métiers 
The number of métiers stays the same.  
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2.3.3 Fishing effort 
The fishing effort and the partitioning of it over the different métiers has been kept constant. 
2.3.4 Landings 
  
 
Fig. 2-4 - Landings per unit of effort (LPUE in kg/1000 kWdays) by vessel length class and species group – the 
fishery in 2006 compared to Scenario 2. 
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Fig. 2-5 - Landings per unit of effort (LPUE in kg/1000 kWdays) by mesh size and species group – the fishery in 
2006 (with different mesh sizes) compared to Scenario 1. 
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Fig. 2-6 - Landings per unit of effort (LPUE in kg/1000 kWdays) by gear type and species group – the fishery in 
2006 compared to Scenario 1. 
 
2.3.5 Value 
The results for “value of the landings” are proportional to the results for “landings” and do not give 
extra information and are therefore not presented. 
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2.3.6 Operational costs 
The relevant characteristics of the pulse and the outrigger fishery for this Scenario are summarized in 
Table 2-4: 
Table 2-4: Data on the pulse trawl and the outrigger trawl fishery 
 Pulse trawl 
small beam 
trawler 
Pulse trawl 
small beam 
trawler 
Pulse trawl 
large beam 
trawler 
Outrigger 
trawl small 
beam trawler 
Outrigger trawl 
large beam 
trawler 
Fuel consumption  -45% -45% -45% -52% -52% 
Extra costs, incl. investment 
depreciated over 4 yrs (€) 
+100.000 +130.000 +150.000 --- --- 
Towing speed (kn) 3.5 4.5 5.5 2.8 2.8 
Horizontal net opening (m) --- --- --- 30 43 
Sediment penetration (cm) 0.9 0.9 0.8 1.5 1.2 
 
Data on the pulse trawl have been retrieved from Hoefnagel and Taal (2010) and through personal 
communication with the company Verburg Holland Ltd., the producer of the pulse trawl. Data on the 
outrigger trawl have been retrieved from interim reports to the Dutch government of the Dutch VIP-
Outrigger project (van Marlen et al., 2009). 
 
 
Fig. 2-7 – Operational and fuel cost per day fishing 
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2.3.7 Profit 
 
Fig. 2-8 – Profit before financial costs and taxes, per unit of landed fish value expressed as €/€ landed fish 
2.3.8 Fuel consumption 
The break-even fuel price is given in Table 5. 
Table 5: The break-even fuel price by gear type 
Gear Break-even fuel price
GNS 0,56
GTR 0,90
OTB 0,46
OTT 1,22
OTX 0,83
SDN 2,27
TBB 0,90
All 0,84  
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
90
100
120
90
120
80
100
120
80
100
80
80
80
100
120
80
100
120
80
100
120
80
100
80
100
80
100
120
80
100
80
80
100
120
G
N
S
G
TR
O
TB
O
TT
O
T X
PT B
SD
N
TB
B
O
TB
O
TT
O
T X
PT B
TB
B
O
TB
O
T T
TB
B
12
-2
4
24
-4
0
>4
0
Profit (€/€ landed fish)
Operational profit per unit of landed value
0.00 0.05 0.10 0.15 0.20 0.25 0.30
12-24
24-40
>40
Profit (€/€ landed fish)
Operational profit per unit of 
landed value
Fishery 2006
Scenario 2
-0.40 -0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40
GNS
GTR
OTB
OTT
OTX
PTB
SDN
TBB
Profit (€/€ landed fish)
Operational profit per unit of 
landed value
Fishery 2006
Scenario 2
Page 24 of 42 
 
 
Fig. 2-9 - Fuel consumption by vessel type and gear type expressed as fuel per Euro of landed fish 
2.3.9 Employment 
The employment has been kept constant. 
2.3.10 Technical data 
The technical changes to the gears are presented in Section 2.3.6. 
2.3.11 Impact data 
 
Fig. 2-10 - Environmental impact data by vessel and gear type: The total surface fished by the métier in one 
year (left) and the total sediment displace by the métier in one year (right) 
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2-11 – Fuel consumption and CO2 production by vessel and gear type, per year. 
2.3.12 By-catch of marine mammals, seabirds and unaccounted mortality 
No change compared to the “2006 fishery”. 
2.3.13 Mortality of non-commercial benthic species (epifauna and infauna)  
The seafloor impact expressed as surface fished but especially of displaced sediment is also 
significantly reduced with 5% and 54% respectively. This will undoubtedly reduce the impact of 
fishing on the benthic communities but long term effects are impossible to predict quantitatively.  
2.3.14 Stock status 
No change compared to the “2006 fishery”. 
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2.3.15 Discards 
The total numbers of fish landed and discarded by the fleet considered in this study in Scenario 1 is 
given in  
 
 Fig. 2-12 - Numbers of landed (black) and discarded (orange) fish for five selected species, all métiers pooled, 
according to the IMARES model simulation (Method 3). The table presents the percentage difference 
compared to the observed situation in 2006. 
Pulse trawls have lower discards but from the field data it cannot be distinguished whether the lower 
discard rates are due to a better selectivity or because of the lower towing speed. It seems logical 
that the lower towing speed will have a significant effect on by-catch and discards of non-target 
species but there is also evidence that lower catch weights in the cod-end may improve selectivity 
(although evidence exists that proves the contrary). Insufficient data are available to draw firm 
conclusions. IMARES have compared the condition and survival of juvenile plaice caught by a tickler 
chain beam trawl and a pulse trawl. In this case both trawl were fished at the same speed (5.5 kts). 
The result showed a decrease in damage for the pulse trawl, and better short term survival of plaice. 
Survival at longer term was not very different, but this may have been caused by other factors, e.g. 
the keeping conditions (van Marlen et al., 2005). 
On the issue of escapee mortality, the following can be said based on the recent laboratory 
experiments carried out by IMARES: 
Lesser spotted dogfish: No evidence was found of differences in feeding response or likelihood of 
injury or death between the exposure groups. There was no evidence that fish sustained injuries as a 
result of the exposures. Respectively 8 and 9 months after the experiment a single specimen of the 
“above field” category and “near field” category died. In the 14 days observation period after the 
exposures no aberrant feeding behaviour could be distinguished. Fish in all tested groups started 
feeding normally the same day directly after the exposures. In a period of 7 months after the 
exposures all exposed groups produced eggs in numbers varying between 5-39 per group. 
Surprisingly the control group did not produce eggs. 
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Fig. 2-13 – Discard ratios for five selected species – whole fleet (top left), by vessel length (top mid), by mesh size (top right) and by gear type (bottom) 
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Fig. 2-14 – Numbers of fish discarded per day fishing 
 
Fig. 2-15 – Numbers of fish discarded per kWday fishing 
0 50 100 150 200
12-24 - GNS
12-24 - GTR
12-24 - OTB
12-24 - OTT
12-24 - OTX
12-24 - PTB
12-24 - SDN
12-24 - TBB
24-40 - OTB
24-40 - OTT
24-40 - OTX
24-40 - TBB
40+ - OTB
40+ - OTT
40+ - TBB
COD
0 500 1000 1500
12-24 - GNS
12-24 - GTR
12-24 - OTB
12-24 - OTT
12-24 - OTX
12-24 - PTB
12-24 - SDN
12-24 - TBB
24-40 - OTB
24-40 - OTT
24-40 - OTX
24-40 - TBB
40+ - OTB
40+ - OTT
40+ - TBB
HAD
0 5000 10000 15000 20000
12-24 - GNS
12-24 - GTR
12-24 - OTB
12-24 - OTT
12-24 - OTX
12-24 - PTB
12-24 - SDN
12-24 - TBB
24-40 - OTB
24-40 - OTT
24-40 - OTX
24-40 - TBB
40+ - OTB
40+ - OTT
40+ - TBB
PLE
0 1000 2000 3000
12-24 - GNS
12-24 - GTR
12-24 - OTB
12-24 - OTT
12-24 - OTX
12-24 - PTB
12-24 - SDN
12-24 - TBB
24-40 - OTB
24-40 - OTT
24-40 - OTX
24-40 - TBB
40+ - OTB
40+ - OTT
40+ - TBB
SOL
0 500 1000 1500
12-24 - GNS
12-24 - GTR
12-24 - OTB
12-24 - OTT
12-24 - OTX
12-24 - PTB
12-24 - SDN
12-24 - TBB
24-40 - OTB
24-40 - OTT
24-40 - OTX
24-40 - TBB
40+ - OTB
40+ - OTT
40+ - TBB
WHI
0,0 0,1 0,2 0,3
12-24 - GNS
12-24 - GTR
12-24 - OTB
12-24 - OTT
12-24 - OTX
12-24 - PTB
12-24 - SDN
12-24 - TBB
24-40 - OTB
24-40 - OTT
24-40 - OTX
24-40 - TBB
40+ - OTB
40+ - OTT
40+ - TBB
COD
0,0 1,0 2,0 3,0
12-24 - GNS
12-24 - GTR
12-24 - OTB
12-24 - OTT
12-24 - OTX
12-24 - PTB
12-24 - SDN
12-24 - TBB
24-40 - OTB
24-40 - OTT
24-40 - OTX
24-40 - TBB
40+ - OTB
40+ - OTT
40+ - TBB
HAD
0,0 5,0 10,0 15,0 20,0
12-24 - GNS
12-24 - GTR
12-24 - OTB
12-24 - OTT
12-24 - OTX
12-24 - PTB
12-24 - SDN
12-24 - TBB
24-40 - OTB
24-40 - OTT
24-40 - OTX
24-40 - TBB
40+ - OTB
40+ - OTT
40+ - TBB
PLE
0,0 1,0 2,0 3,0 4,0
12-24 - GNS
12-24 - GTR
12-24 - OTB
12-24 - OTT
12-24 - OTX
12-24 - PTB
12-24 - SDN
12-24 - TBB
24-40 - OTB
24-40 - OTT
24-40 - OTX
24-40 - TBB
40+ - OTB
40+ - OTT
40+ - TBB
SOL
0,0 1,0 2,0 3,0
12-24 - GNS
12-24 - GTR
12-24 - OTB
12-24 - OTT
12-24 - OTX
12-24 - PTB
12-24 - SDN
12-24 - TBB
24-40 - OTB
24-40 - OTT
24-40 - OTX
24-40 - TBB
40+ - OTB
40+ - OTT
40+ - TBB
WHI
Page 29 of 42 
 
Cod: The fish exposed in the “far field” range, representing the fish just outside the working range of 
the trawl, showed hardly a reaction to the exposures and responded normally to the feeding cycles. 
The fish exposed in the “above field” range showed a moderate contraction of the muscles, but all 
recovered well and responded normally to the feeding cycles. The effects on the fish exposed in the 
“near field” range were more pronounced, 4 fishes died shortly after the exposure, and another 2 
died in the observation period thereafter. In the observed period of 14 days after the exposures the 
surviving fish packed together outside the feeding zone and hardly responded to the feeding cycles.  
Post mortal analysis using X-ray scans revealed that 5 out of 16 remaining fishes exposed in the “near 
field” range had hemorrhages close to the vertebral column, and of these five, 4 had vertebral bone 
fractures. No injuries were found on the fish exposed in the “above field” range, that showed weaker 
reactions to the electric exposure.  
It must be noted that the smallest fish in the series tested was 41cm, thus well above MLS. Regarding 
escapee mortality, only small fish can be taken into account, i.e. the ones that can escape an 80mm 
mesh. The results for small fish can be different from the large fish because the intensity of the 
electric field decreases with the length of the fish. Further experiments on cod with smaller lengths 
will be conducted by IMARES in 2010. 
 
Benthic invertebrates: For two species (ragworm and European green crab) a 3:5% statistically 
significantly lower survival was found compared to the control group, when all exposures were 
lumped together. For the near field exposure a 7% lower survival was also found for Atlantic razor 
clam. For the other species (common prawn, subtruncate surf clam, common starfish) no statistically 
significant effects of pulses on survival were found. Surf clam seemed not to be affected at all, 
common prawn seemed to show lower survival in the highest exposures (near and medium field), 
while common starfish showed lower survival, but not for the highest (near field) exposure.  
Food intake turned out to be significantly lower (10:13% less) for European green crab, except in the 
far field exposure for which the reduction (~5%) was non-significant. No effect at all was found for 
ragworm, surf clam and razor clam, lower food intake for common prawn, and higher for common 
starfish, but all these results were statistically non-significant.  
Surf clam and starfish did not show any behavioural reaction at all, they did not move. The other 
species showed very low responses in the far field exposure range. In the medium and near field 
ranges the reactions were stronger. Food intake and behaviour recovered after exposure.  
In general terms the effects of the pulse stimulus in terms of mortality and food intake can be 
described as low. It is therefore plausible that the effects of pulse beam trawling, as simulated in this 
study, are far smaller than the effects of conventional beam trawling.  
ICES WKPULSE: The reviewing experts concluded that there is primarily more information needed on 
the effect on cod before the pulse trawl can be allowed on a commercial basis. The reviewing experts 
could not be convinced that the simulator provided an adequate representation of the in situ pulse, 
due to the fact that they were not able to review the specifications of the pulse characteristics 
resulting from confidentiality issues. They recommended that a three-dimensional temporal-spatial 
model of exposure of cod inside the trawl using information about behavioural responses validated 
by direct underwater observation would be useful. Furthermore it was suggested to investigate the 
effect of pulses on the electro-receptor organs of elasmobranchs, and determine the catch rates of 
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these fish in beam trawls. Also to look at other gadoid species: e.g. haddock, and whiting. It was also 
suggested to investigate the effect of the pulse on the reproductive capabilities of benthos, but 
weigh this against the mortality in the conventional tickler chain beam trawl. 
Conclusion: It can be concluded that the electric field used in the flatfish pulse trawl does have 
effects on living organisms. These effects differ according to the species. Theoretically there is a size 
effect as well but this could not be concluded from the experiments. In general it can be concluded 
that the additional mortality of escapees due to the electric field, over all species, is likely to be 
limited. It would, however, be good to follow the advice of WKPULSE and present a better 
description of the electric field and expand the laboratory trials. It should be noted that more 
experiments will be conducted in 2010. 
2.3.16 Long term effects of discarding  
The results are given in Section C, Section 1.2.16. 
2.3.17 Geographical distribution of fleet activity 
No change compared to the “2006 fishery”. 
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2.3.18 Socio-economic analysis 
2.3.18.1 Introduction 
The main aim of this task is to estimate future income possibilities with different technical alterations 
or alternative gears than the existing ones, and to compare the incomes with respect to a total of 
four fleet segments and 73 métiers. This part is based on the estimates of different landings with 
some eighteen different mesh size possibilities (Based on task 4).  
2.3.18.2 Method 
The estimates of expected changes in landings were found for each of the eighteen different mesh 
sizes. Whereas in Scenario 1 the expected income changes was found as a percentage of baseline 
incomes with introducing different mesh sizes, in Scenario 2 the percentage of income change with 
different technical alterations or alternative gears were found for different fish species (see s bellow). 
The fish species include a total of 13 categories referred to as: sole, plaice, cod, whiting, haddock, 
other flatfish, other roundfish, crustaceans, rays & sharks, cephalopods, shells, pelagics and other.  
The expected income changes were used together with data on income values of the fish species for 
different métiers and fleet segments. The expected estimates of future incomes for each métier was 
thus straight forward by applying the formula: 
It = ∑[IBaseline + (s * IBaseline
where 
)] 
It
I
 is the Income in year t {2006,…., 2016} 
baseline
s is the income change from the baseline year for each year and métier (%)  
 is the income in the baseline year 
A total of four fleet segments consist of 1) static gear, 2) demersal trawl, 3) demersal seine and 4) 
beam trawl. Based on the data set obtained, a total of 20 figures were created to show how the 
incomes in the future differ for different fleet segments with respect to total incomes as well as 
incomes specified to the harvested species. Moreover, income differences for a total of three length 
categories and the eighteen mesh sizes are illustrated by figures. Finally, the profits per gear is 
illustrated in the very last Figure.   
2.3.18.3 Future incomes per fleet segment 2.3.18.3.1 Comparing different fleet segments 
In this section we present the future incomes estimated for the four fleet segments   1) static gear, 2) 
demersal trawl, 3) demersal seine and 4) beam trawl. 
In Fig. 2-16 the total income values are shown for the four fleets. Whereas the income values for the 
Beam trawl fleet is expected to stay at some less than 230 Mill over the years, the Demersal trawl 
stays stable at below 50 mill Euro. The Demersal seine and the Static gear is expected to stay stable; 
both bellow 50 Mill Euro per year. 
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Fig. 2-16 - Total income values estimated for the different fleets, including all species, over the years 2006-
2016. 
Fig. 2-17 specifies to which species the income expectations would be linked in the years 2006-1016. 
For the Beam trawl fleet, sole, plaice and other flatfish are the three most important sources of 
income, although cod also plays an important role to this segment. Incomes for all flatfish species are 
expected to stay stable over the period; whereas sole reaches an income value of 125 Mill Euro, 
plaice and other flatfish reaches the levels of 50 and 40 Mill Euro, respectively. For the Demersal 
seine fleet, the most important source of income is plaice, and the income is expected to fluctuate 
the first years for thereafter to stabilize at some 9 Mill Euro. Whilst for the Demersal trawl fleet, the 
crustaceans is the most important species, followed by plaice and other flatfish, the most important 
species for the Static gear fleet is sole, followed by plaice and cod. Whereas the plaice tend to 
increase to some extent for the two fleets, the others seem to give very stable sources for incomes. 
2.4 Comparing fleet segments with respect to species 
Fig. 2-18 compares incomes estimated for six of the species involved by fleet segment, including sole, 
plaice, cod, haddock, whiting and crustaceans. The incomes for the Beam trawl fleet is a lot higher 
than for the other fleets, not only from harvesting sole and plaice, but also from harvests of cod. The 
Demersal trawl fleet is taking the second highest share of plaice, and Static gear is taking the second 
highest share of cod. For sole it is estimated that the income will stay stable for the Beam trawlers 
over the years at around 125 mill Euro per year. Whereas a drop is observed for plaice in 2007 
followed by an increase to a bit more than 50 Mill Euro per year for the Beam trawlers, peaks are 
observed for cod in 2007 for all fleets followed by a decrease. The other income values are observed 
to be relatively low and stable, except for plaice for Demersal seine which is low and fluctuating the 
first years.  
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The Demersal trawl segment gains the highest incomes from whiting, haddock and crustaceans. 
Whilst the incomes from whiting is expected to reach a peak in 2007 and thereafter fall to a bit less 
than 1.2 Mill Euro and 1.8 Mill Euro, respectively, the incomes from haddock is relatively stable with 
a small drop in 2007 for the Demersal trawl. Crustaceans provides incomes of around 18 Mill Euro, 
whiting in the range between 1.0 and 1.4 Mill Euro per year and haddock provides incomes of some 
less than 0.5 Mill Euro per year to the Demersal trawlers. Whereas the figures show that the Beam 
trawlers also earn some from the whiting and the haddock, the incomes for the Demersal seines and 
the Static gear are overall relatively very small.          
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Fig. 2-17 - Income values estimated for the Demersal trawl fleet, specified for different species, over the years 2006-2016. 
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Fig. 2-18 - Income values estimated for whiting, specified for different fleets, over the years 2006-2016. 
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2.4.1.1 Future income values and profits per length of vessels 
In this section we have estimated income and profit values for three different lengths categories: 1) 
12-24 meters, 2) 24-40 meters and 3) >40 meters. In Fig. 2-19 we can see that the mid-length 
category is earning the highest income of more than 180 Mill Euro per year. Whereas the 12-24 
meters category will earn around 80 Mill Euro per year, the largest category will earn 40 Mill Euro per 
year. Whereas the trend is very stable for the two longest categories, the shortest category is 
fluctuating modestly during the first years. In Figure 13 the profits of the three length categories are 
shown. Note that the 24-40 meters vessels have the highest profits of around 250 Mill Euro per year, 
followed by the 12-24 meter category at around 20 Mill Euro per year. The largest category with 
vessels has a net loss of almost 100 Mill Euro per year.  
2.4.1.2 Future income values and profits per mesh size 
In this section we look at the aggregated income values (Fig. 2-21), as well as profit values (Fig. 2-22), 
for each of the 18 mesh sizes during the years 2006-2016.  
The highest income values can be found for TBB80 - an income that is estimated to around 200 Mill 
Euro per year, and which will stay stable over the period.  The second and third highest income 
values can be found in the same figure for OTB80 and TBB120, with stable values of 30 and 20 Mill 
Euro per year, respectively.  All these high income values show very stable trends.  
All the other mesh sizes give lower incomes. While eight categories fall in income level categories of 
between 2 and 10 Mill Euro per year, seven fit into the lowest level income values of less than 3 Mill 
Euro per year. Note that although most of these mesh sizes provide very stable trends in income 
values over the years 2006-2016, the categories referred to as SDN (80, 100 and 120) all show very 
fluctuating trends before 2012 followed by a stable trend.  
The highest profits will be obtained by the mesh size presented in Fig. 2-22 (TBB80, OTB120 and 
TBB120). Whereas the profits of TBB80 is expected to grow from around 55 to 60 Mill Euro per year 
over the period, the OTB120 and TBB120 will observe stable trends at less than 5 Mill Euro per year. 
Some nine more mesh sizes can expect positive profits, of which all are stable except for the SDN 
categories mentioned earlier.  
All the six remaining mesh sizes will not obtain a positive profit during the period. The largest deficit 
is reached by TBB100 of more than 6 Mill Euro per year, followed by PTB80 and OTB80 with a losses 
between 0.5 and 2 Mill Euro per year. The remaining three mesh sizes will expect a relatively small 
deficit, of which all are expected to stay stable.  
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Fig. 2-19 - Income values estimated for three categories of length of vessels: 1) 12-24 meters, 2) 24-40 meters 
and >40 meters, over the years 2006-2016. 
 
 
Fig. 2-20 - Profit values estimated for three categories of length of vessels: 1) 12-24 meters, 2) 24-40 meters 
and >40 meters, over the years 2006-2016. 
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Fig. 2-21 - Income values estimated for three of the eighteen mesh sizes with total values between 20 and 250 Mill Euro, over the years 2006-2016. 
 
Fig. 2-22 - Profit values estimated for three of the eighteen mesh sizes with positive values up to 50 Mill Euro, over the years 2006-2016. 
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2.4.1.3 Future profits per gear 
In this section we have aggregated future profits per gear, including 80mm, 90mm, 100mm and 
140mm. Whereas in the 80mm category there are some 27 métiers and in the 90mm category only 4 
métiers,  there are 23 and 19 métiers in the categories 100 and 120mm, respectively.   
 
Whereas the 80mm gear is the category with the highest net profit of 45-50 Mill Euro per year during 
the whole period, the 120mm category follows with a net profit of almost 10 Mill Euro per year the 
whole period (Fig. 2-23). Whilst the 90mm gear category will stay stable at zero profits over the 
period, the 100mm category will have a net loss of around 5 Mill Euro per year over the period.    
 
Fig. 2-23 - Profit values estimated for four gears; 80mm, 90mm, 100mm and 120mm, over the years 2006-
2016. 
 
2.4.1.4 7. Summary 
The main aim was to estimate incomes over the years 2006-2016 with the use different technical 
alterations or alternative gears than the existing ones. Data on landings and income shares were 
applied to estimate total incomes and incomes that will arrive from different species for a total of 
four fleet segments and 73 métiers. The estimates are presented in a total of 20 figures. It is shown 
that the Beam trawl fleet is the segment that will get the largest share of the future incomes. This 
segment involves the most métiers (29 métiers in total) together with the Demersal trawl fleet (also 
29 métiers).  
While the income levels for Beam trawl fleet is some less than 250 Mill Euro over the years, the 
income of the Demersal trawl fleet is of less than 50 Mill Euro, both with stable trends. Whereas sole, 
plaice and other flatfish are main sources of income for the Beam trawl fleet, the crustaceans, plaice 
and other flatfish are the most important species for the Demersal trawl fleet. Whilst the plaice is the 
most important species to the Demersal seine fleet, sole, plaice and cod are the most important 
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sources of income for the Static gear fleet. These species show mostly stable trends over the years 
2006-2016, although income from plaice is fluctuating for the Demersal seine before 2012.   
The total incomes of three length categories: 1) 12-24 meters, 2) 24-40 meters and 3) >40 meters 
showed that, whereas the highest incomes will be obtained by the mid-vessel category, this category 
will also obtain the highest net profit over the period. The aggregated income of different mesh sizes 
show that some three categories have relatively high income levels, and that most mesh sizes have 
stable trends. The SDN categories show a very fluctuating trend before 2012. A positive net profit is 
obtained by 12 of the different mesh sizes, and the remaining six categories can expect net loss over 
the period. The 80mm gear category will have the highest net profit over the years, followed by the 
120mm category. Whereas the 90mm category is expected to stay at a break even, the 100mm 
category will operate at net loss of around 5 Mill Euro per year.  
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2.4.2 Discussion and conclusions 
The aim of Scenario 2b was to increase the yield and biomass of the stocks, increase fuel efficiency 
and decrease environmental impact. The flatfish pulse trawl as well as the outrigger otter trawl, as a 
replacement of beam trawls which are by far the dominant gear types in the North Sea flatfish 
fishery, do lead to a significant reduction in fuel consumption around 50%. The lower towing speeds 
may lead to reduced discards of non-target species and the technical characteristics of the gears 
clearly lead to a reduction of seafloor impact. 
The results of this scenario show that introducing the pulse trawl as an alternative for the beam trawl 
targeting sole and the outrigger trawl as an alternative for the beam trawl targeting plaice, brings 
some clear advantages.  
Fuel consumption and the according cost and CO2 production drop strongly. The fuel cost of the total 
fleet is reduced with 37% and the break-even fuel price increases from 0.59 € to 0.84 €. This clearly 
benefits the profitability of the fleet, despite the high investment costs for the pulse trawl, and 
makes the fishery more resilient to rising fuel prices. The profits of the small as well as the larger 
vessels increase in this scenario. The total plaice catch is reduced with 11% but the sole catches 
increases with 10%. Overall, the long term (10 yrs) trend of profit is positive and slightly increasing. 
The total numbers of discards for the five investigated species and for sole and plaice are all reduced 
with 5%. The long term yield of the sole and plaice stocks in terms of landings increase with 3% and 
8% respectively after ten years but the yield for cod and whiting reduce with 11% and 9%. The 
amount of discards of non-commercial animals is likely to be reduced due to the reduced towing 
speed and the strongly reduced penetration depth of the gears. 
The seafloor impact expressed as surface fished but especially of displaced sediment is also 
significantly reduced with 5% and 54% respectively. This will undoubtedly reduce the impact of 
fishing on the benthic communities but long term effects are impossible to predict quantitatively.  
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3.1 Methodology 
3.1.1 General 
A description of the methodology is given in Section B. 
3.1.2 Scenarios 
In this project, the baseline fishery has been defined as the North Sea flatfish fishery in 2006. The 
socio-economic, biological and ecological issues related to this fishery have been described, 
whenever feasible in a quantitative way, in Section B of this report.  
The North Sea flatfish directed fishing fleet is dominated by trawl fisheries. More than 95% of the 
fishing effort (Fig. 0.9) can be contributed to trawlers. Section B of this project report clearly 
indicated the very high fuel consumption of these fisheries. For most of the fishing effort, 1 liter of 
fuel is needed to land 1 € of fish. In the present day situation of fluctuating fuel prices, the economic 
viability of this part of the fleet is under increasing pressure. Any means to reduce fuel consumption 
is therefore welcome and several options are available (see Section G). A second problem of trawling 
is the sweeping of and penetration into the seabed of the gears and the associated effects on the 
benthic ecosystem. Static gears therefore seem to be a viable alternative to trawls with low fuel 
consumption and a negligible swept surface.  
In this Scenario all trawls were replaced by set nets. This is an extreme and unrealistic scenario, the 
main objections and uncertainties being: 
• The fishing effort of passive fishing would need to increase more than “10x” and so would 
the fleet. Such a scenario is not possible in the short to medium term. 
• In 2006 most of the fishing effort was carried out in the coastal area. In Scenario 3 the fishing 
activity would need to be spread over a much larger area and offshore fishing grounds would 
need to be fished. It is uncertain whether comparable catches are possible. 
• Since practice has clearly demonstrated that trawlers are not suitable to handle static gear, 
large investments would be needed for the reconversion.  
Although this scenario is unrealistic, it is extreme enough to allow seeing clearly the effects in the 
indicators of using only passive fishing gear. 
3.1.3 Scenario approach 
In this scenario, all effort of active fishing gear was set to zero in the database. After eliminating all 
active fishing métiers, 11 different métiers were left for further calculations. The basis for Scenario 3 
was to obtain the same sole and plaice catch as for the baseline fishery in 2006. The effort (days at 
sea) of the 11 métiers was therefore increased and optimized to match the sole and plaice catches 
and attention was given to keeping some balance between these métiers.  
 The results for the “2006 fishery” have been presented in Section B. Both the “2006 fishery” and 
Scenario 3 results were then compared and several indicators have been calculated and have been 
presented in a fact sheet (Section 3.2.1) and in graphical form.  
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3.2 Results 
3.2.1 Fact sheet 
FACT SHEET Scenario 3 – Replacing all towed gear with static 
gear 
TOTAL 
Métiers Country independent métiers = 11 ALL MÉTIERS, ONE YEAR 
Catch weight Total landed sole 9,865 ton 
 Total landed plaice 38,812 ton 
 Total landed other spp 20,314 ton 
 Total landed fish weight 68,992 ton 
Catch value Total value catch 266,009 kEuro 
 Average value of 1kg fish 3.86 € 
Socio-economic Total employment  429,960 persondays 
 Total operational cost  248,979 k€ 
 Variable cost 135,998 k€ 
 Total crew share 97,024 k€ 
 Total fuel cost 15,957 k€ 
 Break-even fuel price 0.99 € 
 Total days at sea 114,841 days 
Discarding Numbers of sole, plaice, cod, haddock and whiting 
discarded 
274,400,252 
 Numbers of sole and plaice discarded 266,944,677 
 Effect on SSB after 10yrs SOL:+11%  
PLE: +81%  
COD:-59% 
 WHG:+47% 
 HAD:+17% 
 Effect on yield (landings) after 10 yrs SOL:+11% 
 PLE: +59%  
COD:+8%  
WHG: -49% 
 HAD:-2% 
Ecological Total fuel consumption 33,486 m³ 
 Total CO2 production 91.483 ton 
 Liters fuel for 1 kg of fish 0.49 liter 
 Liters fuel for 1 Euro landed fish 0.13 liter 
 Fished surface 1,162 km² 
 Years to sweep surface equal to whole North Sea 645 yrs 
 Total displaced sediment 0.0 km³ 
 Years to move 1cm top layer sediment of whole 
North Sea 
--- 
 Length set nets per year  2,324,984 km 
It should be stressed that parameters like "surface fished", "sediment displaced", "years to…" are merely a 
measure of the magnitude of seafloor impact and do not take operational characteristics of the vessels into 
account. These cannot be used as absolute figures. 
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3.2.2 Métiers 
The elimination of active fishing métiers has reduced the number of métiers from 73 to 11.  
3.2.3 Fishing effort 
Altering fishing effort was the main tool to run this scenario. The effort needed to catch the same 
amount of sole and plaice as in 2006 with the static gear métiers is about twice the days. This has 
consequences for the number of vessels needed.  
The average days at sea for a vessel in the 2006 fleet was 181 days/yr. This means that, based on the 
total days at sea, 341 (full-time) fishing vessels are needed. The average days at sea for a Scenario 3 
vessel is 151. The number of vessels needed to carry out the effort of 114,841 days (Fig. 3-1) is 760. 
Of course, in practice, most of the vessels do not stick to one métier so the actual number of vessels 
involved in the flatfish fishery in the North Sea is higher than the “artificial full-time number of 
vessels” calculated above. It does, however, make clear that a significant larger fleet of smaller vessel 
would be needed to carry out this Scenario. If effort is expressed in kWdays, on the other hand, less 
than half of the effort is needed in Scenario 3 to catch the same amount of fish. 
 
 
Fig. 3-1 – Fishing effort in days at sea for the different métiers in Scenario 3 and the total for the baseline in 
2006. 
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Fig. 3-2 – Fishing effort in kWdays at sea for the different métiers in Scenario 3 and the total for the baseline 
in 2006. 
 
 
Fig. 3-3 – Comparison of the fishing effort by métier for the Fishery in 2006 and Scenario 3. 
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Fig. 3-4 – Number of full time vessels needed to exert the estimated fishing effort in Scenario 3 and the total 
for the baseline in 2006. 
 
3.2.4 
 
Landings 
Fig. 3-5 – Landings in absolute value (ton) - the fishery in 2006 compared to Scenario 3. 
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Fig. 3-6 - Landings per unit of effort (LPUE in kg/1000 kWdays)– the fishery in 2006 compared to Scenario 3. 
 
 
Fig. 3-7 – Landings in absolute value (ton) by gear type and mesh size in Scenario 3. 
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3.2.5 Value 
The value of the catch in Scenario 3 is 266,000 k€ compared to 268.000 k€ for the baseline in 2006. 
3.2.6 Operational costs 
 
Fig. 3-8 – The operational costs (Euro) of the Fishery in 2006 and Scenario 3 
Fig. 3-8 gives the operational costs assuming the fishing fleet, i.e. sufficient vessels, needed to carry 
out the fishing effort already exists. Surprisingly, the total operational cost to catch the same amount 
of sole and plaice as the baseline in 2006 is almost identical, despite the fact that the fishing method 
and cost structure are fundamentally different. For Scenario 3, the fuel cost is, as expected, much 
lower but the labour cost is higher. The “Other variable costs”, of which fishing gear, maintenance 
and landings costs take up the major part, are higher in Scenario 3. It is obvious that the type of fleet 
in Scenario 3 is much less susceptible to rising fuel prices than the present day fleet. 
Scenario 3 disregards the investment cost for the new vessels needed to be able to perform the 
necessary fishing effort. Making a forecast of the cost and organisational issues for reconversion to a 
static gear fleet includes too many unknown variables and is not considered in this study. Although 
making such a forecast would be subject of a different study, following figures give an idea of the 
investment cost to switch to static gear. 
The type of vessels needed to be able to carry out successful passive fishing throughout the North 
Sea have a length between 12 and 24m and an engine power between 221kW and 442kW. The 
smaller vessels are active inshore while the larger vessels can operate offshore. Other types of 
vessels are also possible but the range mentioned should suffice according to expert and fisherman 
opinion. The present day cost of an “average vessel” purpose built for passive fishing with a length 
between 12 and 24m and an engine power between 221kW and 442kW would lie between 500.000€ 
and 1.300.000€. A fleet of some 760 vessels would be needed, full-time operational in this fishery, to 
catch the same amount of sole and plaice as the baseline in 2006. 
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3.2.7 Profit 
 
Fig. 3-9 - Profit before financial costs and taxes, per unit of landed fish value expressed as €/€ landed fish 
 
Fig. 3-10 – Descriptive parameters for the fishery in 2006 and Scenario 3 
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Fig. 3-11 – Descriptive parameters for the fishery in 2006 and Scenario 3 
The operational profit for Scenario 3 is lower compared to the fishery in 2006 (Fig. 3-10). Scenario 3, 
however, has a much higher contribution to employment. This Scenario clearly has advantages 
related to environmental impact. Total fuel consumption and fuel relative to the value of the fish is 
much lower. The same accounts for CO2 production, surface fished and displaced sediment which 
are negligible compared to the 2006 fishery. 
3.2.8 By-catch of marine mammals, seabirds and unaccounted mortality 
3.2.8.1 Set nets 
A rough indication of the potential by-catch of habour porpoise can be made by assuming the same 
catch rate as estimated by Vinther and Larsen (2004) based on the Danish North Sea bottom-set gill 
net fishery. They estimated that 295 individuals were caught per 1,000 tonnes landed plaice and no 
harbour porpoise by-catch in the sole directed fishery. The harbour porpoise by-catch can then be 
estimated to 880 individuals per year for the 2006 scenario. The by-catch in scenario 3 would 
increase to 11,450 individuals per year. In comparison the habour porpoise numbers in the North Sea 
and adjacent waters is estimated to be 386.000 (ICES, 2008). The density in the North Sea is highest 
in the central part and in coastal waters of northwest Denmark. Use of pingers (acoustic alarms), that 
are already mandatory in some set net fisheries (Anon., 2004), would reduce this potential by-catch 
significantly.  
Increased bycatch of seals and seabirds must in general be expected when switching from towed 
gears to static gears. It is not possible to estimate the level since there are no quantitative estimates 
of bycatch of seals and only limited quantitative information on seabird bycatch of relevance in the 
North Sea (Žydelis et al., 2009). 
The increased number of static gears will increase the ghost fishing. There are no estimates of lost 
gears in relation to directed fisheries after plaice and sole in the North Sea. In general the net loss in 
European waters appears to be less than 1% of the nets deployed with catches well under 1% of the 
landed catches (Brown and Macfadyen, 2007). It is, however, likely that the catching efficiency of lost 
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sole and plaice static gears is likely to decline more rapidly in the central and southern North Sea due 
to the relatively flat seabed and shallow water were storms and tidal currents will decrease the 
height and increase the visibility due to fouling. Losses of static gears caused by interactions with 
towed gears will be eliminated. 
3.2.9 Mortality of non-commercial benthic species (epifauna and infauna) 
For detailed information on the benthic effects of fisheries we refer to Section F of this report. 
In general it can be stated that replacing towed gear with static gear would reduce the impact on the 
seafloor and the associated benthic communities drastically to a negligible level. This would lead to a 
much more heterogenic assemblage of communities in a much more heterogenic seafloor. 
Biodiversity is likely to increase, with less dominance of opportunistic short living species. More 
vulnerable and long living species would have the opportunity to recover.  
Whether the marine ecosystem in the North Sea would move in the direction of a more pristine state 
is unsure. It is impossible to present quantitative information on the recovery of the ecosystem. 
3.2.10 Discards 
 
Fig. 3-12 – The discard ratio (left) and total numbers discarded (right) for the five selected species and for the 
fishery in 2006 compared to Scenario 3. 
Fig. 3-12 indicates that Scenario 3 performs better than the fishery in 2006 in terms of discards ratio 
(the exception is haddock but this is based on low catch numbers). This becomes even clearer with 
the absolute numbers of fish discarded (Fig. 3-12). The static gear clearly outperforms the mix of 
fishing methods in 2006.  
3.2.11 Long term effects of discarding  
The results are presented in Section B of this report, together with the other scenarios. 
3.2.12 Geographical distribution of fleet activity 
No change compared to the “2006 fishery”. 
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3.2.13 Socio-economic analysis 
3.2.13.1 Introduction 
This Scenario 3 is a pure Static gear scenario with increased effort to obtain the same catches of 
plaice and sole. The main aim of this task is to estimate future income possibilities for the fleet 
segment Static gear, including eleven métiers with five different métier groups; only GNS and GTE 
with different gears (90 mm, 100 mm and 120 mm). All the 11 métiers belong to the vessel length 
category of 12-24 meters. This part is based on the estimates of different landings possibilities over 
the years 2006-2016. 
3.2.13.2  Method 
The estimates of expected changes in landings over the years 2006-2016 were found for each of the 
eleven métiers prior to this task. These simulated percentages are the percentage of catch compared 
to the baseline of each métier. In other words, it can be understood as the percentage of difference 
in catch per unit of effort (CPUE).   
The fish species include a total of 13 categories referred to as: sole, plaice, cod, whiting, haddock, 
other flatfish, other roundfish, crustaceans, rays & sharks, cephalopods, shells, pelagics and other.  
The expected income changes per year were used together with data on income values of the fish 
species for different métiers of the Static gear segment. The expected estimates of future incomes 
for each métier was thus straight forward by applying the formula: 
It = ∑[IBaseline + (s * IBaseline
where 
)] 
It
I
 is the Income per year in year t {2006,…., 2016} 
baseline
s is the income change per year from the baseline year and métier (%)  
 is the income per year in the baseline year 
Based on the data set obtained, a total of five figures were created to show the incomes and profits 
trends in the future for the métiers in the fleet segment Static gear.   
3.2.13.3 Future income for the segment Static gear 
In Fig. 3-13 the total income values per year for the fleet segment Static gear is presented, ranging 
between 200 and 350 Mill Euro per year over the years 2006-2016. Whereas a drop in total income 
per year is observed in 2007 and 2008, the total income per year will thereafter increase to some 
more than 300 Mill Euro in 2016.  
The most important income sources to the Static gear are sole and plaice, contributing with more 
than half of the income per year. This is followed by cod as well as other roundfish and flatfish 
species. Plaice is contributing the most to the income increase from 2007 to 2016.  
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Fig. 3-13 - Income values per year estimated for Static gear, specified to fish species to be harvested over the 
years 2006-2016. 
3.2.13.4 Future income values and profits per mesh size 
In this section we present the aggregated yearly income and profit values, for each of the five mesh 
sizes during the years 2006-2016. Whereas GNS120 takes the largest share of the income values over 
the years of almost the half, GTR90 takes the smallest share of income per year (Fig. 3-14). In Fig. 
3-15 we can see that the GNS120 has high costs, and operate at net loss over the years 2006-2013. 
GTR120 also observes a net loss in 2007 due to high costs. GNS90 gains the largest profits of some 
more than 20 Mill Euro over most of the years, followed by GNS100 who gains around the half of the 
profits obtained by GNS90. GTR120 observes the largest increase in profits over the years, starting at 
break even and ending the period with more than 10 Mill Euro in profits per year.   
3.2.13.5 Future income values and profits per gear 
In this section we present the aggregated yearly income and profit values for the three mesh size 
groups; 90 mm, 100 mm and 120 mm during the years 2006-2016. Whereas the 120 mm category 
takes the largest shares of the income values over the years, followed by the 90 mm category, the 
smallest share of income per year is taken by the 100 mm category (Fig. 3-16). Note that the 90 mm 
and the 120 mm include four métiers each, divided on two mesh sizes, whilst the 100 mm includes 
only three métiers – all belonging to the same mesh size. In Fig. 3-17 we can see that whereas the 
highest profit is gained by the 90mm gear, a net loss is observed for the 120 mm in the period 2006-
2010.  
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Fig. 3-14 - Income values per year estimated for Static gear, specified to five métier groups over the years 
2006-2016. 
 
Fig. 3-15 - Profits per year estimated for Static gear, specified to five métier groups over the years 2006-2016. 
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Fig. 3-16 - Income values per year estimated for Static gear, specified to three mesh size groups over the 
years 2006-2016. 
 
Fig. 3-17 - Profits per year estimated for Static gear, specified to three mesh size groups over the years 2006-
2016. 
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3.2.13.6 Summary 
The main aim of Scenario 3 was to estimate incomes and profits per year over the years 2006-2016 
for the Static gear with increased efforts to obtain the same catches of plaice and sole.  
Data on landings and income shares were applied to estimate total incomes and incomes that will 
arrive from different species for this fleet segments involving a total of 11 métiers. The estimates are 
presented in a total of five figures.  
While the total income level per year for the Static gear will be between 200 and 350 Mill Euro per 
year, sole and plaice are contributing the most to this income, followed by cod and others, including 
flatfish and roundfish species. A small drop in income is observed in 2007 followed by slight increase 
until 2016. The total net profits for the Static gear segment range between 20 and 65 Mill Euro over 
the years.   
Whereas the GNS120 is earning the largest share of income, it has a net loss over the years 2006-
2013. The GTR90 is earning the least income, but gains some profits due to relatively low costs. 
Comparing the gear categories, we can see that the 120 mm earns the highest income, followed by 
the 90 mm category, and that the 100 mm category earns the least. However, the 120 mm gear 
category operates with a net loss over the years 2006-2010. Whilst a total of four métiers are 
included in each of the 90 mm and the 120 mm categories, only three are included in the 100 mm 
category. 
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3.3 Discussion and conclusions 
Scenario 3 was set up in order to simulate a situation with an increased fuel efficiency and a 
decreased environmental impact. Set nets are known to have a negligible seafloor impact and a very 
low need for fuel to produce landings. The main drawbacks of these fisheries are the possible by-
catch of marine mammals and seabirds and possible ghost fishing of lost gear. 
The effort increase with static gear was chosen such as to obtain exactly the same sole and plaice 
catches compared to the baseline fishery. A criticism that is often heard is that increasing effort of 
this fishery would be limited because of the lack of space in the North Sea related to the high lengths 
of deployed gears. Therefore, next calculation was made.  
The total length of set nets per year is 159,241 km in the baseline fishery. In Scenario 3 this increases 
to 2,324,984 km which is 6,370 km set every day in the year. In comparison the length of the North 
Sea is about 1,000 kilometers from the south to the north which gives a length set of some 6 times 
the length of the North Sea. The fishery with set nets gears is today concentrated on a much smaller 
area mainly in coastal areas in the central and southern North Sea. In scenario 3 the fishery would 
have to be conducted in areas fished by the towed gear fleets. The main catches of the towed gear 
fishery comes from an area covering about half of the North Sea. The surface area of the North Sea is 
a 575.300 km². If the set net fishery is conducted in the half of this area, 22 m of net will have to be 
set every day in a year per square kilometer. If we calculate this, taking into account that the average 
yearly days at sea for this type of fishery is 150 days and assuming all effort takes place in just these 
150 days, each square kilometer would contain 54m net. 
If, in Scenario 3, fishing vessels would target fish similarly as in the baseline fishery, the non-target 
species landings would reduce with 30%. The total fuel cost of the fleet would reduce with 84% but 
the labor cost would increase with 43%, as would employment with 47%. The break-even fuel price 
would increase to 0.99€. The overall operational profit of the fleet would lie around 7% of the landed 
value but some métiers would make a financial loss. In the longer term (10 yrs), income and profit 
would decrease in the first years but would then increase significantly (not taking into account 
investment costs for new vessels). 
The numbers of fishing vessels needed to carry out this fishery would more than double compared to 
the baseline fishery, as would the effort expressed as days at sea. Effort expressed in kWdays, 
however, would be less than half. 
The discards, in numbers, for all species and for sole and plaice would reduce with 53% and 51% 
respectively. The long term effects (+10yrs) to yield with the replacement of towed gears (scenario 3) 
with static gears show substantial benefits for plaice (+59%) and sole (+11%) and a significant loss for 
whiting relative to the baseline forecast.  Plaice, whiting, haddock and sole SSB would significantly 
increase (+81%, 47%, 17% and 11% resp.) but the SSB for cod would dramatically decrease with 59%. 
The fished surface and the sediment displaced, and the associated seafloor impact, would be 
reduced to almost zero. Whereas for the baseline fishery 3.1 liter of fuel is needed to land 1kg of fish, 
this is reduced to 0.49 liter. Total CO2 production would reduce from 694.000 ton to 91.000 ton.  
The incidental by-catch of marine mammals would, without management measures, highly likely 
increase to a level that would endanger the health of the populations.  
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4.1 About this report 
This report addresses the long term effects of fishing, part of the terms of reference for this study. As 
the content of the following text makes clear, these long term effects are a complex issue to address. 
Writing down general conclusions in other sections of this report without the context of the 
literature could lead to misunderstanding of the message. We therefore wrote this report, 
addressing the environmental impact of fishing in the North Sea, with a focus on the long term.  
This report contains information on the environmental effects of different types of fishing gear used 
in the North Sea. It starts with a description of the main features of the gear types, presents 
qualitative data on fuel efficiency and the physical seafloor impact. Discard data are presented, 
observed as well as simulated data. Because these data are spread over the different sections of this 
report, these data have been summarized here by gear type for quick reference. 
The effects on the habitat are presented in terms of tow path mortality, biological habitat impact, 
effects on productivity and recovery and long-term impacts.  
4.2 Summary on long term effects 
The North Sea does not contain pristine environments and how these might have looked like can 
only be deduced from circumstantial evidence. It is therefore impossible to predict how the present 
North Sea would evolve if fishing impact would stop, be reduced or altered. It is unsure whether the 
North Sea would return to its pristine state.  
Mobile demersal fishing gear alters the physical appearance of the seafloor by sweeping its surface 
and penetrating into the sediment. Through this interaction, living organisms can get exposed, 
displaced, damaged or killed. This can lead to a general decrease in sessile larger bodied species 
while more resilient, mobile fauna can increase. Fishing can significantly reduce habitat complexity 
for most habitats and can lead to a reduced resilience against changes in regime due to external 
factors.  
When looking specifically at soft-bottom areas, locations with ecosystem engineered emergent 
habitats are proven to be vulnerable to fishing impacts. Trawling has the capability of altering, 
removing or destroying the complex, three-dimensional physical structure of benthic habitats by the 
direct removal of biological and topographic features. In more dynamic and sandy habitats, the 
associated benthic community is more resilient to physical disturbance although there is evidence 
that trawling in these areas can reduce biodiversity. The areas of intensive beam trawling, though, 
have already been trawled intensively for several years and still provide profitable fishing grounds 
based on a productive benthic community. 
It is difficult to draw more general conclusions without adding contextual information. It is therefore 
also difficult to make long term projections for scenarios where impact of fishing would change. 
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4.3 General 
4.3.1 Sustainability 
Sustainability in fisheries is based on a number of principles that should all be complied with. Fishing 
is an economic activity that can only exist if it is profitable. Fishing methods should be efficient in 
catching fish and exploitation costs. Environmental impact should be low but "low" should be 
defined. Since it is unclear what the long term effects of fishing are, precaution tells us to keep the 
negative side effects of fishing at the lowest level possible. Side effects that can be perceived as 
positive, like a possible increase in productivity due to fishing, should be treated with caution. In 
general, a sound marine environment is the best guarantee for sound fish stocks in the long term. 
Since fisheries involve labor, social issues should not be neglected. The application of modern 
technology is necessary to keep the industry competitive and should be encouraged although issues 
like technological creep should be monitored in order to assess the change in catching capacity of the 
fleet. Finally, the sea is a complex and dynamic environment that is subject to short and long term 
changes. A sustainable fishery should be able to adapt and setting up adaptation strategies can be an 
asset for the industry. 
FAO (2009) describes the term “unsustainable fishing” as: (i) a situation (in contradiction with the 
Law of the Sea Convention) characterized by overfishing or inadequate fishing pattern; (ii) fishing 
activities that lead to long-term losses in the biological and economic productivity, biological 
diversity, or impacting ecosystem structure in a way that impairs functioning of the exploited system 
across several generations. For the purpose of this report, and following the CBD requirements, 
unsustainable fishing will be decomposed in partly interconnected components as follows: (i) 
Overfishing; (ii) Destructive fishing; and (iii) IUU fishing. It is recognized that extreme forms of 
overfishing could be destructive and that IUU is an aggravating factor of both overfishing and 
destructive fishing. These terms are explained by FAO (2009). 
4.3.2  Recovery and reversibility 
There has been substantial interest in the concepts of recovery and reversibility of impacts in all 
ecosystems, marine and terrestrial. In general there is incomplete and often little understanding of 
the likelihood and nature of recovery of marine systems from substantial perturbations. However, a 
number of issues and tentative conclusions emerge from most studies of recovery of marine 
ecosystems or reversibility of specific perturbations: 
• Ecosystems vary greatly in capacity to recover from impacts, for many different reasons. 
• Different types of impacts differ greatly in both likelihood that they cause substantial 
changes to ecosystems and the likelihood that recovery from the changes will be rapid and 
secure. 
• Ecosystems will not follow the same path during recovery that was taken during the period 
when the perturbation was occurring. 
• Ecosystems are naturally variable, so even a successful recovery program will not return an 
ecosystem to exactly the state is was in prior to the perturbation. 
• What point constitutes recovery – presence or maturity? 
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The present document focuses on the environmental impact of the North Sea fisheries and addresses 
issues like the physical impact of selected fishing methods, fuel efficiency, tow path mortality, 
discarding, habitat specific impacts, productivity, cumulative impact and recovery.  
4.4 Introductory example 
As a general introduction, the example is given of an exercise carried out by the ICES Working Group 
on Fishing Technology and Fish Behaviour (ICES, 2006a) to conduct a qualitative assessment of 
different gears types with the aim of identifying “responsible fishing methods”, with respect to a 
number of “ideal gear properties”. A range of capture methods were considered, including: beam 
trawling, bottom trawling, Danish/Scottish Seining, diving, dredging, drift nets, gillnets, jigging, long-
lines, pelagic trawling, pole & line, purse seining, pots, trammel nets and traps.  
The “ideal gear properties” were considered to be definitive of three key areas of impact, with 
respect to “Responsible fishing”, and were grouped accordingly: Controllability of Catch, 
Environmental Sustainability and Operational Functionality (Table 4-1). Each capture method was 
scored with respect to each “ideal property” and then a simple index (index = mean score) was 
defined, with respect to each of the key impact areas (Table 4-2). To visualise the relationship 
between the three impact areas, for different capture methods, the indices were plotted in Fig. 4-1, 
Fig. 4-2 and Fig. 4-3.  
Please note, none of the indices described account for the relative catch efficiency (i.e. catch per unit 
effort) of the different capture methods. This omission is deliberate and was necessary for the 
following reasons. The catch efficiency of a particular capture method is fishery specific; i.e. it is 
highly dependent on the target species, location of the fishery, prevailing environment conditions, 
etc. Furthermore, it was generally accepted that most commercial fisheries will have evolved to use 
the most efficient capture method available to them. Therefore, most “alternatives” are likely to be 
less efficient than the current capture method. So, it was not practical, nor particularly informative, 
to assign an efficiency score in this qualitative overview.  
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Table 4-1: Summary of “Ideal Gear Properties”, with the most suitable capture methods identified for each proprerty (Source ICES, 2006a). 
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Table 4-2: Summary of “Ideal Gear Properties” mean scores and indices for different capture methods 
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Fig. 4-1 - The relationship between Indices of “Environmental Impact” and "Catch Controllability” for 
different fish capture methods. 
 
Fig. 4-2 - The relationship between Indices of “Environmental Impact” and “Operational Functionality” for 
different fish capture methods. 
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Fig. 4-3 - The relationship between Indices of “Environmental Impact” and “Catch Quality & Selectivity” for 
different fish capture methods. 
In general, it was the opinion of the ICES Topic Group members that no single capture method could 
be described as “an ideal gear”. Different fisheries and management strategies will of course 
prioritise each of the “ideal gear properties” differently and will therefore have different 
requirements of a responsible fishing method. But when considering each of the properties equally, 
three capture methods were prominent as potentially responsible techniques:  
• Diving – This technique was considered to be the most environmentally sustainable method, 
with the greatest control of the catch. However, its application in a commercial fishery is very 
restricted. It is a highly specialised technique that is limited by working depth (<50m using 
air), which would make it almost impossible to apply to most commercial fisheries.  
• Pole & line – This technique also scored highly for environmental sustainability and catch 
control. Moreover, along with jigging, it was thought to have the greatest operational 
functionality: having low investment costs, usable in most habitats and relatively user safe. 
However as a practical capture method, it is generally limited to larger, and mostly 
predatory, fish species.  
• Pots – This technique was also considered to have a minimal impact upon the environment; 
apart from the potential for ghost fishing, which can be mitigated for with inbuilt bio-
degradability of pots and gear recovery schemes. The moderate score for catch 
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controllability was primarily due to the poor size selectivity of current gears, which again 
could be improved with minor design changes. However, in terms of application as an 
alternative gear pots score highly. They can be used relatively safely in most habitats, with 
only moderate investment in terms of gear costs and training. 
Finally, the scores given here are the consensus opinion of the members of the ICES WGFTFB Topic 
Group on Alternative Fishing Gears. As such the results of this exercise should not be considered as 
definitive, but this approach has been a useful tool in considering what properties may be important 
with respect to the ideal responsible fishing method. Moreover this approach, with a wider and more 
thorough application with respect to input “opinions”, could prove to be a useful management tool 
when considering the introduction of “alternative” capture methods to commercial fisheries.  
This exercise could easily be carried out for the North Sea, with the necessary expert input. 
 
 
 
 
 
 
 
 
  
  Page 15 of 114 
 
4.5 Description of the fishing methods, fuel efficiency and seafloor impact 
The loss of habitats in relation to fisheries is increasingly becoming an important issue. This is well 
reflected in international and national legislation, such as the EU Habitats Directive (92/43/EEC) 
amongst others (ICES, 2009) and the installation of the Natura 2000 network. As species like sole, 
plaice, cod, whiting etc. are bottom dwelling species, usually in close contact with the seafloor, all 
commercial bottom fishing for these species potentially impact the seabed. The impact of physical 
contact of bottom trawls affects biological communities (e.g. Kaiser et al. (2006), Schratzberger et al. 
(2009)) as well as the chemical (e.g. Dounas et al. (2007) and physical environment (e.g. Fonteyne 
(1999), Løkkeborg (2005)). All of those parameters constitute a habitat. This section focuses on the 
physical part of a habitat. 
Physical impact in the broader sense, i.e. inclusive impact on sessile organisms that shape the 
structure of the seafloor, has been described by Rabaut (2009) as an introduction to a study on the 
effect of trawling on Lanice conchilega communities. Following is an extract out of the introduction 
of Rabaut (2009). 
"Physical disturbance of the sea bottom by mobile fishing gear is considered to have a major impact 
on the ecosystem. Macrobenthos (i.e. bottom fauna defined as invertebrate animals larger than 1 
mm) is recognized as fundamentally important in the functioning of marine ecosystems as is 
reflected in their inclusion in metrics to calculate the intrinsic biological value (Derous et al., 2007) 
or the environmental quality (Borja et al., 2003). In soft-bottom ecosystems, benthic densities and 
species richness are heavily determined by the seabed characteristics (mainly sediment types) 
(Bergman et al., 1991, Van Hoey et al., 2004, Vanaverbeke et al., 2000) and this benthic ecosystem 
component is important in determining the densities and species richness of higher trophic levels 
such as demersal fish (Cabral, 2000, Langton and Watling, 1990, Molinero and Flos, 1992, Rijnsdorp 
and Vingerhoed, 2001) and birds (Cramp and Simmons, 1977, Degraer et al., 1999, Godet et al., 
2008, Van Waeyenberge et al., 2001, Von Blotzheim and Bauer, 1968, 1969).  
These benthic environments are often under threat as fishing with mobile fishing gear is known to 
be a major cause of habitat deterioration in soft-bottom ecosystems (Dayton et al., 1995). Physical 
destruction of marine habitats has been reported as one of the main impacts of fisheries, with 
benthic communities particularly hard hit by trawling (Salomon, 2009). Kaiser et al. (2002) describe 
how macrobenthic productivity is decreasing as fishing intensity increases and high-biomass species 
are being removed from the benthic habitat. Jennings et al. (2001a) found that total biomass of 
infauna and epifauna significantly decreased with trawling disturbance. Moreover, there is plenty of 
evidence of damage and mortalities of invertebrates in trawl nets (Bergman and Hup, 1992, 
Brylinsky et al., 1994, Kaiser and Spencer, 1996, Schratzberger et al., 2002, Witbaard and Klein, 
1994). Therefore, not only overexploitation is of concern, but also direct damage to benthic biota 
urgently needs to be addressed in areas where bottom gear is applied (Bergman and Hup, 1992, 
Kaiser and Spencer, 1996, Sparks-McConkey and Watling, 2001). However, the largely unknown 
temporal and spatial dynamics of target and non target species as well as of fishermen makes it 
difficult to find a link between species composition and fishing effort (Craeymeersch et al., 2004)" 
"Ecosystem engineers 
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The structurally complex framework provided by emergent features constitutes an important 
organizing aspect and is critical to the functioning of many ecosystems (Jones et al., 1994). The 
relationship between structure and functioning owing to biotic-abiotic interactions was 
conceptualised in the idea of ‘ecosystem engineering’ (Jones et al., 1994, 1997, Wright and Jones, 
2006). Ecosystem engineers are organisms that directly or indirectly modulate the availability of 
resources to other species by causing state changes in biotic or abiotic materials. In doing so they 
modify, maintain and/or create habitats (Jones et al., 1994). By reshaping the landscape, ecosystem 
engineers change the abiotic context upon which biotic interactions heavily depend (Byers et al., 
2006). Due to their functional characteristics, ecosystem engineers can exert a strong influence on 
ecosystem properties that exceeds what may be expected based on their relative abundance alone 
(Hooper et al., 2005). The value of the ecosystem-engineering concept, therefore, lies in its ability to 
formalize interactions among organisms that are mediated by the physical environment (Wilby, 
2002).  
Emergent structures in marine ecosystems that reach a few centimetres into the water column can 
have a profound effect on the structure and functioning of marine ecosystems. The ecological 
effects of habitat structuring organisms lie in the increase of habitat complexity. They tend to 
dominate in stressful environments (Jones et al., 1997) and therefore they are well described for all 
kinds of marine environments: coral reefs (e.g. Holbrook et al. (1990)), Darwin mounds (e.g. Van 
Gaever et al. (2004)), kelp forests (e.g. Steneck et al. (2003)), ascidians (e.g. Castilla et al. (2004)), 
sea grass meadows (e.g. Alfaro (2006), Hovel (2002)), mussel Banks (e.g. Hild and Günther (1999), 
People (2006), Ragnarsson and Raffaelli (1999)) , oyster beds (e.g. Lenihan (1999)) and polychaete 
tubes (e.g. Callaway (2006), Van Colen et al. (2008)). In many coastal sediments, they are known to 
have far reaching consequences (Bouma et al., 2009). These systems provide habitat for a wide 
range of taxa, including post-settlement juveniles of commercially important fish species (Watling 
and Norse, 1998). They may provide refuge from predation, competition and physical as well as 
chemical stresses, or may represent important food resources and critical nursery or spawning 
habitats. In addition, these structures modify the hydrodynamic flow regime near the sea floor, with 
potentially significant ecological effects on sedimentation, food availability, larval and/or juvenile 
recruitment, growth and survival. As such, habitat structures and heterogeneity influence faunal 
abundance, species richness and species composition of invertebrate and fish communities (Koenig 
et al., 2000, Turner et al., 1999). This engineering template has received less ecological attention 
than the processes generating spatial and temporal patterns of organisms within engineered 
landscapes (Crain and Bertness, 2006)." 
Many authors (Jennings et al, 2000; Rijnsdorp et al., 1998) have stressed the importance of 
understanding the spatial and temporal patterns in fishing effort for investigating the effects of 
fishing in the marine environment. Reported effort from the national statistics provides a general 
picture of the areas where fishing effort is concentrated. The large-scale resolution, however, (by 
ICES statistical rectangle) provides a poor indication of the specificity of fishing grounds and thus the 
specificity of impact of fishing. Although VMS data (Vessel Monitoring System) are available today for 
"… Therefore, in the marine environment, ecosystem engineers are key species when it comes to the 
preservation of both the ecological functions and fishing activities. Removal of ecosystem engineers 
by mobile bottom gear could have devastating effects on local biodiversity and important water-
sediment processes (Coleman and Williams, 2002)." 
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scientific use within the EU, the data were not yet sufficiently accessible for supporting this study and 
address the different gear types. These data would allow a much more accurate and precise appraisal 
of impact of fishing gear, related to the biotope where they are deployed. Most studies available 
report on beam trawling. 
Spatial analysis (Polet et al, 2010) indicates that the proportion of beam trawling increases from 
north to south in the North Sea, the proportion of otter trawling is higher in the Central North Sea 
and the deployment of set nets is highest at the Danish, the Dutch and the Belgian coast. This is 
similar to the observation of Jennings et al (2000) for the early nineties. There is a tendency for the 
effort to be concentrated in a limited number of statistical rectangles, as was also the case in the 
early nineties. 
4.5.1 Beam trawls 
4.5.1.1 The fishing method 
The net of a beam trawl (Fig. 4-4) is kept open horizontally by means of a steel beam, which is 
supported at each end by a trawl head. The length of the beam varies between 4 and 12 m 
depending on the size of the vessel and extant regulations. Flat steel plates, the sole plates, are 
welded to the bottom of the trawl heads. When fishing, the sole plates are in direct contact with the 
seabed and generally slightly tilted. To reduce the wear of the sole plates, a heel is welded to the aft 
end. Beam trawls are normally provided with tickler chains to disturb the flatfish from the seabed. 
On rough grounds the tickler chains are replaced by a chain matrix to prevent boulders from being 
caught by the net. The target species of the beam trawl fishery are flatfish, mainly plaice and sole. 
Light beam trawls, without tickler chains or chain matrices, are used to catch brown shrimps, 
Crangon crangon in coastal waters. Double-rig beam trawlers tow two beam trawls, one from either 
side of the vessel, by means of two derrick booms. The weight (in air) of a complete beam trawl 
varies from several hundred kg for a shrimp trawl to up to 7 tons (and more) for the flatfish trawls 
equipped with tickler chains. The towing speed varies between 3.5 and 7 knots.  
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Fig. 4-4 - a beam trawl with chain mat (left) and with tickler chains (right)  
4.5.1.2 Seafloor contact 
The pressure on the seabed exerted by beam trawls is strongly related to the towing speed 
(Fonteyne, R., 2000). For a beam trawl, the pressure exerted by the trawl heads varied from 0.2 to 
1.1 N/cm². The actual pressure can be 2-3 times higher if the sole plate is tilted. With increasing 
towing speed, the fishing gear will at a certain point leave the seafloor. Although larger vessels use 
heavier gears, this is compensated by the larger sole plate dimensions and the higher towing speeds.  
By adjusting the length of the warp, the towing speed and the weight of the gear, fishermen will 
strive to a certain intensity of seafloor contact, irrespective the size of the gear or vessel. This 
seafloor contact will be a compromise between the efficiency of the gear in stimulating the fish and 
friction on the seafloor resulting in a certain level of fuel consumption. The experiments carried out 
by Fonteyne (2000) demonstrate that the intensity of seafloor contact does not differ strongly 
between the different sizes of bam trawls.  
In practice fishermen will tune the intensity of seafloor contact to the type of sediment. On soft 
grounds, where the risk of fastening is high, seafloor contact will be less intense compared to harder 
grounds. 
4.5.1.3 Physical impact 
The parts of the trawl gear in closest contact with the seabed are the trawl head, the tickler chains or 
chain matrix and the groundrope. The pressure exerted by a beam trawl on the seabed is strongly 
related to the towing speed. As the speed increases the lift on the gear increases and the resultant 
pressure force decreases. A less firm bottom contact, e.g., on softer grounds, can also be obtained by 
shortening the warp length. In normal conditions the warp length/depth ratio is 3:1. For a 4 m chain 
matrix beam trawl the pressure exerted by the trawl heads varied from 1.7 to 3.2 N/cm² at towing 
speeds of 4 to 6 knots (Fonteyne 2000). Although larger vessels use heavier gears, this is 
compensated for by larger sole plate dimensions and higher towing speeds. The maximum average 
pressure exerted by the heels of the sole plate of a 10 m chain matrix beam trawl, weighing 5 tons, 
was 3.9 N.cm–2 (Paschen et al., 1999).  
The pressure from the tickler chains or matrix chain elements is substantially lower than that exerted 
by the trawl heads, in the order of 0.5 N/cm² (Paschen et al., 1999), although the area covered is 
significantly greater. During the passage of a gear component the pressure in the sediment at a 
certain point will gradually increase up to a maximum and then gradually decrease. Model tests have 
shown that, irrespective of the weight of the gear, the reaction pressure is reduced to 10 % of the 
near-surface value at a depth of 10 cm and unchanged at depths greater than12.5 cm (Paschen et al., 
1999). Whether benthic infauna can detect this change in pressure whether they would consequently 
react is unknown at present.  
When towing a tickler chain or a chain matrix over the seabed, sediments will be transported and 
pass through and/or over the links and resettle after passage. Smaller particles will go into 
suspension and may be transported away by currents or resettle in the track of the trawl. Local 
variations in morphology such as ripples will be flattened out.  
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The effect of an array of chains running consecutively over the seabed is that the increase in 
penetration depth becomes less and the additional effect is smaller with an increasing number of 
chains. The passage of the first chain compacts the sediment, diminishing the effect of elements 
passing later. After about seven passages the increase in penetration is hardly noticeable (Paschen et 
al., 1999). Fluctuations in the pressure exerted on the seabed indicate that beam trawls are not in a 
steady contact with the seabed (Fonteyne 2000). Both variations in seabed morphology and vessel 
movements may cause a variable bottom contact of the gear. As a consequence the penetration 
depth is not constant along the track.  
Measurements showed penetration depths between 1 and 8 cm (Paschen et al., 1999). The 
penetration depth depends on the sediment type. The largest values were noticed on very fine to 
fine muddy sand.  
As for the otter trawls, the composition of the groundrope depends on the seabed condition. The 
tickler chain beam trawls, used on clean grounds, have a simple and rather light groundrope. The 
groundropes of chain matrix beam trawls, for use on rough grounds, are equipped with bobbins. 
Beam trawls leave detectable marks on the seabed. The duration that the beam trawl marks remain 
visible depends on the upper sediment layer and on the hydrographic conditions. On a seabed 
consisting of medium to coarse sand, tracks have been observed to remain visible for up to 6 days. 
On sediments with mainly finer particles a corresponding figure of 37 hours was observed (Fonteyne 
2000, Paschen et al., 1999). A beam trawl passage also flattens the seabed and exposes shell debris 
at the surface (Lindeboom and De Groot, 1998) and thus also benthic organisms that become 
available as food.  
4.5.1.4 Resuspension 
The movement of the gear causes resuspension of the lighter sediment fraction (Fonteyne, 2000)). 
The changes are more pronounced in areas with finer sand. The suspended particles settle within a 
few hours. 
4.5.1.5 Effort and special issues 
Jennings et al. (2000) used SPUE data (Sightings Per Unit of Effort) to demonstrate that parts of the 
ICES statistical rectangles are heavily fished while others are unfished. This was also apparent from 
Rijnsdorp et al. (1998) who used VMS data to determine the micro-scale distribution of beam trawl 
effort in the southern North Sea. Beam trawl activity proved to be very patchy with a high degree of 
overlap between vessels. For instance, in eight of the most heavily fished ICES rectangles (30 
latitude1longitude), 10% of the seabed was trawled less than once every five years, 33% less than 
once per year, and 3% more than 10 times per year. 
An interesting observation was made by Witbaard and Klein (1994) who studied (fishery-) scars in the 
shells of A. islandica collected at a location in the German Bight. They showed that scar frequencies 
increased over time in agreement with the increase in beam trawl effort, reaching a level of about 
40% around 1990.  
Rijnsdorp et al. (1998) found that beam trawling effort is patchy at the level of 30x30 and 3x3 miles 
squares and increasingly patchy for 10x10 miles square. Only at the level of 1x1 miles square the 
patchiness becomes less important and the fishery is rather random. 
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Poos and Rijnsdorp (2007) also indicated that target species of the beam trawl fisheries have a 
patchy distribution and that the effort distribution of the fleet is related to it. The observed seasonal 
patterns of catch rates concur with the seasonal distribution patterns revealed by tagging studies, 
the location of spawning grounds indicated by egg surveys and the location of nursery grounds 
indicated by pre-recruit surveys. Important for the relation between fishing effort and seafloor 
impact (in relation with different biotopes) is the predictable pattern in spatial distribution in both 
plaice and sole that changes seasonally in relation to adult migration patterns and juvenile 
recruitment. Poos and Rijnsdorp also indicated that the patchiness of the flatfish species is likely to 
be related to the patchiness of their food and likely the type of benthic community. Marine 
organisms generally show a patchy distribution (Valiela, 1984) and this also applies to Annelida, 
Bivalvia and Crustacea in the North Sea (Duineveld et al., 1991; Künitzer et al., 1992), the main prey 
species of plaice and sole (Braber and De Groot, 1973; Rijnsdorp and Vingerhoed, 2001). The 
abundance and distribution of benthic fauna is highly dependent on sediment characteristics (e.g. 
grain size and silt content) and other environmental variables such as water depth and temperature. 
The persistence of the local patches was estimated to be up to 2–3 weeks, which may reflect the 
time needed for a local concentration of plaice or sole to deplete the local density of its prey (Poos 
and Rijnsdorp, 2007). Alternatively, local patches of sole or plaice may be depleted by the fishery. 
The consequence of using effort distribution based on ICES rectangles instead of a finer resolution 
becomes clear from Piet et al. (2000). The annual fishing mortality based on higher effort resolution 
or sediment-depth strata and ICES rectangles were on average a factor 0.61 and 0.63, respectively, 
lower than when a homogeneous fishing intensity for the entire stratum or ICES rectangle was 
assumed. 
Seafloor impact cannot be generalized, not even within one gear type, because of the systematically 
different ecotopes that are fished. Smaller beam trawlers e.g. generally fish in coastal waters, 
whereas the larger ones fish in offshore waters and along the borders of the 12 mile zone and the 
plaice box (Piet et al., 2000). Piet et al. also demonstrated that the distribution of fishing activities of 
the larger beam trawlers in the northern part follows the contours of the sediment, suggesting that 
the distribution of the fleet is related to environmental characteristics. Deeper waters (>30 m) with 
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sediments of medium sands are more intensively fished with about 38% of the surface trawled less 
than once a year. In contrast, 65% (depth <40 m) and 69% (depth 40 m) of the surface of the whole 
depth range of sediments with very fine sand were trawled less than once a year. 
Usually, though, data availability is not sufficient to link “gear specific” trawling effort to clearly 
delimited ecotopes because the environmental variables available to distinguish different strata were 
restricted (Piet et al., 2000).  
The main conclusions that can be drawn are that the impact of beam trawling is most likely restricted 
to a much smaller area than the total fished surface and that certain benthic communities are much 
more trawled and thus impacted than others. 
4.5.1.6 Ecotopes 
Rijnsdorp et al. (1998) state that it is likely that beam trawling will have a different effect according to 
the characteristics of the environment it is deployed in. According to Duineveld et al. (1991) the 
benthos in the southern North Sea can be divided into three different benthic clusters which were 
related to sediment characteristics. In shallow (<30 m) coastal waters and in the Southern Bight, the 
benthos is characterized by relatively small, highly productive organisms in shallow coarse sand or 
shallow fine sand, which are particularly resilient to physical disturbance. In these areas, physical 
disturbance is a natural feature due to strong tidal currents and the effect of storm surges. The 
deeper offshore waters (>30–40 m), coinciding with muddy sand, were characterized by a more 
sensitive cluster, including larger animals such as Arctica islandica. Since, despite the patchiness of 
the effort distribution, beam trawling occurs in areas with a different vulnerability to fishing, the 
impact may be comparable to natural phenomena in one area and may have serious consequences 
for the benthic ecosystem in another. 
Rijnsdorp et al. (1998) also state that beam trawling may be micro-habitat specific. Hence, some 
specific habitats, and therefore specific benthic communities, can be exposed to intensive trawling 
much more than others. The areas of intensive beam trawling have already been trawled intensively 
for several years and still provide profitable fishing grounds. Without ample benthic food for plaice 
and sole, these fishing grounds would have lost their profitability for fishing.  
Piet et al. (2000) concluded that fishing mortality based on environmental strata differed 
considerably from the fishing mortality based on ICES rectangles, at least for some species. He 
explains this by the fact that both the benthos densities and the beam-trawl effort distribution seem 
to follow the environmental strata. This suggests that the spatial distribution of the fish that are 
targeted by the fleet is determined by the same environmental variables that determine the spatial 
distribution of the benthic species selected. The observation that these species still occur in the 
southern North Sea, in spite of estimated annual fishing mortalities over 50%, suggests that their 
populations are sustainable at the present level of additional mortality caused by beam trawling. 
This, of course, is no guarantee that all benthic invertebrate species originally present have been able 
to withstand these levels of fishing mortality. Presumably the species selected possessed life-history 
characteristics (e.g. early reproduction, high reproductive rate, and low longevity) that enabled them 
to maintain a population in spite of the beam-trawling activities. Densities of species that do not 
possess such life-history characteristics might have decreased because of commercial trawling earlier 
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this century (Lindeboom and de Groot, 1998) to such low levels that they could not be used in this 
study. 
It has been suggested by different authors that the increased growth rate of plaice and sole in the 
1960’ and 70’, which coincided with the introduction of the beam trawl, was causally linked with 
beam trawling (Rijnsdorp and Vingerhoed, 2001). De Veen (1976) postulated that beam trawling 
contributed to the increase in growth rate by enhancing the availability of food through damaging 
benthic organisms in the trawl path. Several studies have shown scavenging behaviour in dab, 
whiting, cod, dragonet and dogfish (Arntz; Kaiser; Ramsay and Fonds). Benthic predators may also 
have benefited if repeated beam trawling results in a change in the species and size composition of 
the epi- and infauna towards highly productive small and short-lived species at the expense of the 
low-productive larger and long-lived organisms ( ICES, 1988 and Rijnsdorp). 
Rijnsdorp and Vingerhoed (2001) found that beam trawling has indeed improved the feeding 
conditions for plaice and sole by enhancing the abundance of opportunistic species like polychaetes 
in the heavy trawled areas, although eutrophication may also have played a role. The observed 
increase in growth rate of both sole and plaice species, which prey mainly upon the smaller 
opportunistic benthic species, may be a result of the increased productivity of suitable benthic food 
in the heavily trawled areas (de Veen, 1976; Rijnsdorp and van Beek, 1991; Rijnsdorp and van 
Leeuwen, 1996, Rijnsdorp et al., 1998). 
4.5.2 The flatfish pulse trawl 
The principle of the flatfish pulse trawl is that electric pulses are being used as an alternative 
stimulation for the mechanical stimulation of tickler chains. The electric field is generated by a pulse 
generator mounted on the beam of the trawl and the pulses are released to the seawater through 
electrodes rigged longitudinally in the net mouth.  
The system was invented by Piet Jan Verburg from Colijnsplaat (Netherlands) in 1992 and was 
purchased by the ministry for Food Quality in 1998. In 2005, the UK 153 was equipped with two pulse 
nets to test the system in the field. In 2006, the UK153 fished fulltime using the pulse net. At the end 
of 2006, the European Community gave permission for pulse-fishing for 5% of the fleet in the North 
Sea.  
Two similar systems are being developed and are currently tried in commercial conditions in the 
Netherlands (Fig. 4-5) being the pulse trawl developed by Verburg ltd (Nl) and the PulseWing 
designed by HfK Engineering (Nl). The former is being tested aboard TX 68 and the latter aboard TX 
36. 
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Fig. 4-5 – The currently tested two varieties of the pulse trawl: Verburgh Ltd design (left), HfK design (right). 
In principle this trawl remains a beam trawl since the net is held open horizontally with some sort of 
beam. The pulse trawl however lacks the heavy tickler chains which significantly reduces the seafloor 
and benthic impact. The towing speed has been reduced from some 7 kn to somewhat more than 5 
kn which decreases the fished surface and thus benthic impact. The average penetration depth has 
also been reduced from over 2.5cm to less than 1cm (Table 4-3). Fuel consumption is at least 45% 
less and anecdotal information points at a further reduction with the PulseWing.  
 The fish caught are in principle not killed or paralyzed by the electricity, but are only startled. This is 
in contrast with traditional electro-fishing, which is forbidden without a license.  
Table 4-3: Data on the pulse trawl  
 Pulse trawl small beam 
trawler 
Pulse trawl large beam 
trawler 
Fuel consumption  -45% -45% 
Towing speed (kn) 4.5 5.5 
Horizontal net opening (m) = = 
Sediment penetration (cm) 0.9 0.8 
 
4.5.3 Sumwing 
The Sumwing (Fig. 4-7) is a wing shaped hydrodynamic trawl beam assuring the horizontal opening of 
the net. It has been designed by the Dutch company HfK Engineering to reduce the hydrodynamic 
resistance of the beam trawl beam and increases its effectiveness with increasing fishing speed (and 
thus turbulence).  
The wing is steered by the nose (Fig. 4-7). The equilibrium of the hydrodynamic and gravitational 
forces in the warp, wing or beam, and the net with tickler chains, tilt the wing downwards so that the 
gear is sent to the seafloor. Once the nose touches the seafloor, it causes the wing to tilt upwards 
until it is in a hydrodynamically neutral position. The nose is an essential part of the gear and allows 
the gear to closely follow the surface profile of the seafloor. 
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A Dutch (van Marlen et al, 2009) and a Belgian report (Huyghebaert et al, 2010) have reported first 
results of commercial trials. Fuel savings reported were 11% (van Marlen et al, 2009) to 13% 
(Huygghebaert et al, 2010), avg. 12%. Recently fuel savings up to 23% have been reported. 
The difference in penetration depth has been calculated as follows (van Marlen, pers. comm..): 
Gear characteristics of a standard beam trawl (Paschen et al., 2000): 
- Beam trawl shoe width:  0.5 m 
- Gear width:    12 m 
- Chain link thickness:   20 mm 
- Penetration depth_1:   11 mm 
- Penetration depth _8:   20.4 mm (factor 1.857, because > 7 tickler chains) 
- Penetration depth_shoe:  40 mm 
Characteristics of the Sumwing: 
- Penetration depth nose:  40 mm  
- Nose width:    0.24 m 
We assume for the standard gear that the tickler chains touch the seafloor at 0.25 * shoe width from 
the outside and that both gears have the same tickler chains. 
The average penetration depth of the standard beam trawl can be calculated as: 
APD = ((GW - 2 * BTSW) * PD _8 + 2* BTSW * PD _shoes) / GW = 22.9mm 
APD = Average penetration depths 
GW = Gear width 
BTSW = Beam trawl shoe width  
PD = Penetration depth 
 
For the Sumwing this equation transforms to: 
APD = ((GW – 0.5 * BTSW) * PD _8 +NW * PD _nose) / GW = 20.6mm 
NW = Nose width 
 
This is a reduction of about 10%. 
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Fig. 4-6 - The Sumwing in action in between hauls 
   
Fig. 4-7 – The functioning of the nose of the Sumwing (towing direction is to the right) 
 
4.5.4 Hydrorig 
The Hydrorig is subject of a project development in the Netherlands aiming at a reduction of fuel 
consumption and benthic impact. The principle of this fishing gear is that the traditional tickler chains 
of the beam trawl have been replaced by half-circular cups (Fig. 4-8). These cause turbulence in the 
water which acts as an alternative stimulation for the flatfish that are buried in the sediment.  
The project is still in the experimental phase. Maintaining the commercial catches and reducing the 
benthos by-catch have been the major focus of this project. The success rate has been very variable. 
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Fig. 4-8 – The beam and the beam trawl shoes of the Hydrorig equipped with cups + detail of a cup (below) 
 
 
Fig. 4-9 – Output of a simulation with the Hydrorig (Source: Delares, Nl) 
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4.5.5 Otter trawls 
4.5.5.1 The fishing method 
The gear components of a demersal trawl are (1) otter boards, (2) bridles/sweeps and (3) the ground 
gear. In a multirig configuration, weights are additional parts of the trawl system: (4) e.g. a roller 
clump for twin trawls.  
 
Fig. 4-10 – The basic components of an otter trawl ©FAO 
Bottom otter trawls encompass a large variety of designs, riggings and dimensions. Towing speed 
ranges from 2 knots (1 m/s) to 6 knots (3 m/s) and fishing might be conducted at depths from 10 to 
2,500 m. A bottom trawl design generally consists of netting divided into two wings, a belly and a 
cod-end. The front part of a trawl is framed with a headline often equipped with floats along the top 
and a fishing line along the bottom equipped with various types of ground gears (Fig. 4-11) the 
purpose of which is to protect the netting of the trawl from damage and to allow continuous towing 
without hook-ups.  
 
Fig. 4-11 – Examples of common groundgear designs used in commercial fisheries (Source: He et al., 2006) 
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In a bottom otter trawl rigging the trawl is held open horizontally with a pair of trawl doors which 
have three main functions: 
• to open the trawl horizontally; 
• to provide the front bottom contact points of the trawl gear; and 
• to stimulate fish to swim towards the trawl path. 
Trawl doors (otter boards) are rigid structures that use hydrodynamic forces and weight to depress 
the trawl to the seabed and to spread it horizontally. The earliest trawl doors were simple flat plates 
that were longer than they were high (low aspect ratio) and derived spreading force from both 
hydrodynamic forces and shearing against the seabed. Flat doors also create strong turbulence, 
suspending sediment (sand cloud) in their wake. In some fisheries, this sand cloud is an important 
part of the capture system. Advances in trawl door design have included changes to increase their 
hydrodynamic efficiency, usually reducing turbulence and resulting sediment suspension. This has 
included higher aspect ratio doors that rely very little on seabed contact for spreading force, have a 
smaller footprint and produce much less sand cloud.  
While towing, the shoe of a trawl doors is often angled relative to the trawl track. When a door is 4 
metres long, the width of the track is thus 2 metres with a door angle of 30 degrees. 
In a double trawl rigging a weight is used to achieve bottom contact of the front part of the inner 
sweeps/bridles located in the centre between the two trawl nets. This weight might be heavier than 
the weight of a trawl doors (normally 30 percent heavier in double trawl riggings). The weights differ 
in shape and rigging, and their effect on the bottom will vary. 
The doors and weights are connected to the trawl wings by sweeps or bridles (wire/chain/ropes). 
These connections vary in length from a few meters up to a few hundred meters. The lower bridle or 
sweep has normally bottom contact during towing. 
4.5.5.2 Physical impact 
The passage of an otter trawl was found to have a generally minor physical and visual impact on the 
seabed compared to beam trawling (Lindeboom and De Groot, 1998). The main physical effect of 
otter trawling appears to be the tracks left in the sediment by the trawl doors. 
Otter trawls have several components that contact or approach the seabed and variations in the 
composition and design of these components influence their effects on benthic ecosystems. For 
example, in a study of the marks made by one otter trawl, Brylinski et al., found that 12 % of the 
seabed in its path was noticeably changed. Marks included narrow, scraped areas created by the 
doors and the compressed tracks of the spherical footrope bobbins. No marks were apparent in the 
area covered by the bridles. A change from silty to sandy substrate resulted in shallower door tracks 
and a disappearance of the roller tracks. A heavier door deepened the door tracks.  
Trawl door marks are the most recognizable and frequently observed effect of otter trawls on the 
seabed (Caddy 1973, Friedlander et al., 1999). Doors travel across the seabed oriented at an angle to 
the direction of travel. The resulting marks consist of an area scoured by direct contact and a berm of 
sediment displaced toward the trawl centerline (Gilkinson et al., 1997). Of the major components of 
a trawl, doors affect the smallest area of seabed, usually producing two swaths totaling a few meters 
  Page 29 of 114 
 
in width. The downward force exerted by the door on the seabed and the width of that contact affect 
the extent of these marks. The weight of the door is partly cancelled by the upward force from the 
cables attaching it to the towing vessel. The vertical attitude of bottom trawl doors is generally 
adjusted so that hydrodynamic forces have a small downward component, increasing the force of 
seabed contact (Seafish et al., 1993). The design of the door can influence the degree of contact 
significantly. The v-door traditionally used in many Nephrops fisheries in Europe is designed with a 
hinged bracket to which the warp is attached. The door is designed to have only light contact with 
the seabed because it is used on muddy grounds where digging in must be avoided. The hinge also 
allows the main plate to swivel when an obstruction such as a large boulder is encountered. 
However, because of its inefficient hydrodynamic shape seabed material is put into suspension by 
the vortices behind the main plate. The dimensions of these trailing clouds of suspended matter 
behind some types of otter boards are reported in Main and Sangster (1981).  
Bridles or sweeps are cables that connect the trawl doors to the trawl net and may be in contact with 
the seabed for part of that distance. The selection of length of these cables and their angle of attack, 
which determine the area of seabed that they sweep, will be based on the herding characteristics of 
the target species. Flatfish trawls may be fished with bridles longer than 200 m, while shrimp trawls 
usually have short bridles. Sometimes, bridles are covered with hose or strung with a contiguous 
series of rubber disks (cookies), up to 15 cm diameter, to protect the cables and to increase their 110 
herding effectiveness. The length of bridle wires is also dependent on the seabed type. On rough 
ground where there is a high risk of snagging on boulders or other obstructions, only short wire 
lengths are feasible. When using long bridles to target herdable species, the bridles contact more 
seabed than any other trawl component. The force of contact of these sections with the seabed 
results from their weight (in water) per length. Unless chain is used, or supplementary weights are 
added, this limits their action to skimming the surface of the seabed. Small scale vertical features on 
soft substrates can be flattened by this action. Emergent structures and organisms can be vulnerable 
to penetration or undercutting by bridles, especially where the bridles have a small diameter. The 
ease with which wires travelling across the seabed can be displaced upwards by these structures will 
be reduced as the tension in the wire increases.  
Footropes are the components of a trawl that are directly attached to the lower, leading edge of the 
net and contact the seabed. They have two, often conflicting, functions of separating the target 
species from the seabed and raising the netting far enough above the seabed to prevent damage. 
Large diameter footropes protect the netting more effectively, but may inhibit fish from passing back 
into the net and allow more opportunities for escape under the net. Footropes are constructed 
similarly to bridles, with a cable or chain that may be covered with protective material. Diameters are 
commonly larger than bridles (up to 1 m) and often vary along the length. Thus only part of the 
footrope may be in direct contact with the seabed. The footrope and bridles cover most of the area 
swept by a trawl, and the proportion of that covered by the footrope is dependent on the relative 
length of the bridles. Footrope effects are influenced by the contact force and the area over which it 
is distributed. Allowing footrope components to roll may reduce these effects, but this generally only 
occurs in the center section of the footrope.  
Some protective groundgears are designed specifically so that the components do not roll, e.g., so-
called rockhoppers, because the action of the rockhoppers when they hit an obstacle is to turn back 
under the belly netting and lift it over the obstruction. A large diameter footrope component can 
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produce a vortex in its wake, contributing to sediment suspension. This large diameter also makes a 
component less likely to undercut emergent structures or to penetrate the substrate, but more likely 
to run over them. The downforce on the substrate exerted by the footrope is dependent on the 
weight per unit length (which may vary along the length) and by the up-pull from the netting to 
which it is attached. Nets that are designed to fish on rough ground will have steeply tapered netting 
behind the footrope to reduce the chance of damage. The general design criterion for a footrope is 
to ensure that it has sufficient positive restoring downforce to maintain seabed contact when 
disturbed from equilibrium (e.g., by a boulder).  
Auxiliary weights may be added to trawl gear to increase downward force at various points. Weights 
installed at the lower corners of pelagic trawls may contact the seabed when these are fished near or 
on the seabed. Clump weights are used to depress the center bridles of a twin trawl rig, where two 
trawl nets are fished side-by side with only two doors. The pressure that these exert on the seabed is 
the resultant of their weight in water and the upward forces exerted on them by other gear 
components.  
On most trawls, the netting itself is not designed to directly contact the substrate and anything that 
protrudes far enough above the seabed to contact the netting has already been overrun by the 
footrope. The netting may retain objects and organisms that are undercut or suspended off the 
seabed by passage of the footrope. When rocks enter a cod-end or it becomes loaded with dense fish 
(i.e., flatfish), the cod-end may be weighed down enough to drag on the seabed.  
Pair trawls are fished between two vessels. They have similar components to otter trawls, except 
that doors are no longer necessary to spread the gear. Weights may be used to sink the sweeps to 
the seabed. To maximize swept area, much longer sweeps are used than with otter trawls. Thus, the 
above discussion applies to pair trawls except for references to doors.  
4.5.6 Demersal seines 
The text on demersal seines has been based on the draft 2010 report of the ICES Working Group on 
Fishing Technology and Fish Behaviour (WGFTFB). The authors are: 
 
 
4.5.6.1 The fishing method 
The fishing method of seining is reputed to have first been carried out by a Danish fisherman, Jens 
Laursen Vaever, in 1848. This method of seining, known as anchor seining, is still carried on in 
Denmark and other countries today. In the early 1920s Scottish fishermen developed a different 
method of seining which dispensed with the need for an anchored dhan, but which utilized the thrust 
Haraldur A. Einarsson MRI – IcelandDominic Rihan BIM – IrelandSonia Mehault IFREMER – FranceQuiterie Sourget IFREMER – FranceUlrik Jes Hansen Catch-Fish, - DenmarkRob Kynoch Marine Scotland Marine Laboratory Aberdeen  Petri Suuronen FAO
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of the vessel’s propeller to balance the drag of the gear as it was slowly winched aboard. Over the 
years Scottish seining, or fly-dragging, as the method came to be known, has firmly established itself 
as an important method of capture used by demersal fleets in a number of countries.  
Seining, either fly-dragging or anchor seining, are considered to be “environmentally friendly” fishing 
methods with a number of positive benefits. Traditionally the gear used tended to be of much lighter 
construction and as there are no trawl doors or warps, results in less impact on the seabed than 
trawling. The use of such light gear also means the method is very fuel efficient. Another positive 
aspect of the method is that fish are only caught in the very last part of the capture process, and 
therefore are not in the cod-end of the net very long leading to high catch quality of fish compared to 
trawled fish.   
In recent years the fuel prices have steadily increased and attention has once again shifted to this 
method of fishing.  There has been a switch back to this method in some countries e.g. Scotland and 
Ireland and interest in developing the technique in other EU countries, notably France and 
Netherlands and further afield in countries such as the Philippines and South Africa.  While there is 
no doubting the positive benefits of seining as indicated, concerns have been expressed that there 
are negative aspects associated with the method that should be addressed, given the increased 
interest and adoption by fishermen globally.  
A WGFTFB Topic Group was formed to address this TOR. This Topic Group met from 20th-22nd May 
in Ancona. Initially the TOR was introduced by the chair along with Harldur Einarsson of Iceland.  
Following the discussions of the Topic Group the conveners reported back to plenary WGFTFB. 
There are essentially three seine net techniques used around the world and although there is a huge 
amount of variation with respect to net design, seine rope weight and lengths used most Danish 
seine net operations can be categorized under three headings as follows: 
• Anchor seining 
• Scottish seining (Fly-dragging or fly-shooting) 
• Pair seining 
Purse seining is not discussed under this term of reference.  
Scottish Seining (Fly-dragging) 
Scottish seining is well described by Galbraith and Rice (2004).  This fishing method depends on long 
lengths of rope used, up to three kilometres a side, herding fish into the path of a net as the gear is 
hauled back slowly. The gear is set roughly in the shape of an isosceles triangle with the dhan, which 
marks the end of rope first shot and to which the vessel returns to complete the set, as the apex and 
the net as the centre of the base. Having picked up the dhan the vessel then starts to steam slowly 
ahead while heaving in both ropes, gradually advancing winch speed as the gear closes to keep the 
net moving forward at a steadily increasing rate.  
Danish Anchor Seine 
"Anchor seining", evolved in Denmark and is the original seine netting technique from which "fly 
dragging” described above was a later development. As described by Sainsbury (1996), basically, the 
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operation does not defer so much from fly dragging except that the marker buoy is anchored while 
hauling, and the warps and net are closed entirely by winch. The net is set out from an anchored 
dhan (marker) buoy. The operation is carried out directly by the main vessel, so called "seiner" or 
sometimes from an additional smaller boat. First, one drag line is put into the water, then one net 
wing follows and, while the seiner turns round in a surrounding move, back to the buoy, the setting 
continue with the bag of the seine, then the other wing, then, finally, the other drag line. Hauling in 
of the net is carried out using the two drag lines by the boat anchored at the marker; the two drag 
lines are simultaneously hauled with the help of a rope-coiling machine until the bag with the catch 
can be taken on board the vessel.  
Pair Seine 
Pair seining is a technique developed in Scotland as a more efficient and simpler method than 
traditional single boat seining. As reported by Galbraith and Rice (2004), pair seining involves a 
second vessel picking up the dhan and both vessels towing the gear in the manner of a demersal pair 
trawl before hauling as per single seining. After one vessel shoots its net the bridles are passed across 
to the partner with the aid of a messenger and connected to the heavy sweep wire. Both boats pay 
out wire and rope as they steam ahead to take up towing positions. At the end of the haul both boats 
come together again and the previously transferred bridle is passed back to allow the first vessel to 
complete hauling operations. This procedure substantially increases the area of seabed swept by the 
gear and can improve catches when fish concentrations are small and widely dispersed. However, 
pair seines are now commonly rigged, shot and hauled similarly to pair trawls, with wire towing 
warps and sweeps in front of 880 m of polypropylene seine net combination rope per side. Vessels 
maintain station up to 0.5 nautical miles apart while towing. 
 
Fig. 4-12 – Scottish Seine, Danish anchor siene and pair Seine (© Crown copyright – taken from ICES, 2010) 
4.5.6.2 Assessment of the fishery 
There are undoubtedly many positive benefits of seining when compared to trawling with respect to 
bottom impact, fuel economy and fish quality, however, concerns have been expressed that there 
are negative aspects associated with the method that should be addressed. In some Danish/Scottish 
seine fisheries there are concerns about levels of discarding and high-grading as seine netters aim to 
maximize returns. Also as the pressure on grounds increase and seiners are forced into areas of 
harder ground, there is evidence of technological creep in seine net design with much heavier seine 
ropes and heavy hopper footropes now commonly used. There are similar concerns in some quarters 
in the adoption of seine net techniques by French and Dutch vessels given these vessels are often 
targeting non-quota species such as red mullet for which there is little or no scientific assessment.  
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Fuel Efficiency 
In most forms seining has been demonstrated to have lower fuel consumptions compared to other 
mobile fishing gear methods but age and design of the fishing vessel is important and some of the 
newer vessels built as dual purpose seiners/trawlers may have higher engine horsepower’s than is 
needed for single seine net operations. It should also be pointed out when comparisons of fuel 
consumption are made, accessibility to fishing grounds can be very different depending on the 
country. Commonly seining is carried out by boats in relatively shallow waters (typically < 200m) on 
inshore grounds in close proximity to their home port. However, there are examples of modern day 
seine net vessels travelling long distances to fish e.g. French vessels off the south coast of Ireland.   
As a general rule though, when fishing effectively with seine net gear, catch per unit of fuel is 
generally low compared to other fishing methods.  The Topic group reviewed data from a number of 
countries and found that seine net vessels generally operated at 0.2 - 0.3 litres of fuel/kg of catch 
compared to 1-1.5 litres/kg for other active fishing methods.  
Icelandic data was reported recently by Guðbergur Rúnarsson of The Federation of Icelandic fish 
processing plants who showed that the variation in fuel consumption can in fact be large between 
seine net vessels due to different fishing effort, steaming to fishing ground, age and design of the 
vessels. In 2008 Rúnarsson collected new data from 9 Icelandic seiners and found the average fuel 
consumption to be 0.20 l/kg fish with a range from 0.14 l/kg to 0.28 l/kg from these nine vessels. 
Rúnarsson also compared seine netting to other gears used in Iceland. For bottom trawlers fuel 
consumptions was approximately 0.41 litres/kg or twice that of the seiners.  Boats using other 
passive gears, however, were lower with longliners on average using 0.15 litres/kg and Purse Seiners 
0.035 litres/kg (Table 4-4). 
Table 4-4: Oil consumption from some main fishing methods’ in Iceland. Based on data gathered in 1990 to 
1997, 2000 and 2008 ((Rúnarsson, 2008) 
 
In Norway, Bouwer Utne (2007) reported similar findings for average fuel consumption for seine nets 
of ~0.25 l/kg catch (See Table 5 below). This compared very favourably to all categories of trawlers 
which used much more fuel with the highest being from the shrimp trawlers of 1.8 litres/kg catch 
(Bouwer Utne., 2007). 
Table 4-5: Fuel consumption by fishing method in Norway (Bouwer Utne., 2007) 
Type of fishing boat Liter oil / Kg catchPelagic factory trawler 0.09Purse Seine 0.035Gillnetters 0.1Longliners 0.15Seine netterd 0.2Bottom trawler 0.42
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Thrane (2005) reports data from the Danish seine net fleet compared to the trawling fleet. He 
reports that the fuel consumption in the flatfish fishery can vary from 2.6 litres/kg for beam trawls to 
0.2 litre/ kg flatfish caught with a Danish seine showing the advantages of Danish seining.  
Seafish reported economic data for the UK fishing fleet in 2005 and showed that fuel costs as a % of 
gross earnings were 9.1 % for seine net vessels and 12.9% for pair seine vessels (Anderson et al., 
2008). This compared favourably with the figures for trawlers of between 15-20% and 29% for beam 
trawlers but was slightly more than the figure for gillnetters of 6%. Table 6 below summarises these 
findings. 
Table 4-6: Economic Data for the UK Fleet 2005 (Anderson et al, 2008) 
 
All of these data sets show seine netting to be a fuel efficient method compared to other active 
fishing methods.  
Seafloor Impact 
Seine nets are generally regarded as having low bottom impact, although the group could find few 
specific studies that had measured the impact of seine net gear. WGECO (ICES, 2006b) carried out an 
assessment of the effects of fishing on the ecosystem in the North Sea and reported that, “Because 
of the direct contact of the seine gear coils with the seabed, and fact that the gear relies on the 
disturbance of the seabed sediment in order to herd fish into the path of the closing seine, this gear 
in all likelihood has a direct effect on benthic invertebrates within the circle of the gear”.  This report 
details attempts to obtain a first impression of the actual footprint of fishing including seines on the 
mortalities of benthic invertebrate communities using a benthic impact model. Per fishing event 
mortality rates for each of the four main fishing gear categories were derived from Tulp et al. (2005). 
The first run used gear average mortalities calculated across 12 benthic invertebrate phyla and these 
Type of fishing boat Kg oil / Kg catchPelagic factory trawler 0.063Longliner (costal) 0.205Seine Net 0.259Gillnets 0.302Purse Seine 0.313Longliner (offshore) 0.38Bottom trawler 0.8Shrimp trawler (offshore) 1.8
Segement FUEL AS A % OF EARNINGSSeine Net 9%Pair Seine/ Pair Trawl 13%Single-rig demersal 12-24m 16%Single-rig demersal >24m 31%Twin-rig demersal 23%Single-rig Nephrops 16%Twin-rig Nephrops 15%Beam Trawl 29%Gillnet 6%
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mortalities were found to be 0.25 for beam trawl, 0.1 for two otter trawl fisheries (Nephrops and 
mixed roundfish) and only 0.05 for seine gears, showing seines to have the lowest mortality for 
towed gears.  
Wayte et al. (2004) report on an Ecological Risk Assessment for Effects of Fishing carried out for trawl 
and seine net fisheries in Australia. This is a comprehensive assessment of all of the impacts of the 
two gear types and identified that trawls had a set of 7 activities that had risk scores greater than 2 
(classified as moderate or greater). These activities were: capture by fishing, direct impact from 
fishing without capture, gear loss, discarding catch, translocation of species, activity/presence on 
water and disturbance of physical processes by fishing. Other components including target species, 
byproduct/by-catch species, protected or charismatic species, habitats and communities were 
classified as requiring some additional analysis or management response. When compared to the 
Danish seine gear, only 2 of these activities had risk scores greater than 2 (moderate or greater). 
These activities were capture by fishing and discarding of catch. Additional analysis or management 
response was recommended for the target species and protected species categories. The other 
components, byproduct/by-catch species, habitats and communities, were not considered at risk 
from seining, and were eliminated from further consideration in this study.  
In October 2008 a small survey was carried out by the Marine Research Institute of Iceland to 
research if there were any measurably impact on benthos fauna in areas where seine nets where 
frequently used and to compare this area with a nearby area closed to bottom contacting gears.  
Underwater observations were made and various methods were used to collect bio-samples from 
the bottom and in the sediments below.  Seine nets were then used in the closed area and similar 
samples taken again inside that area.  No impact could be measured in or outside the closed area or 
after shooting the seine net in the closed area.  This was a small survey with limited data collected 
and needs to be repeated at a larger scale but supports the view that seine net gear has a low 
bottom impact.  
Fish Quality 
Fish caught with seine nets are normally regarded as being of high quality, however, the group could 
find very few specific assessments that have tracked fish caught in a seine from landing on deck to 
the final consumer. Therefore all evidence to support this assertion is based on indications that fish 
caught by this gear is of premium quality corroborated by auction prices. Catches from Dutch seiners 
are generally labeled as E quality at Dutch auctions. As a result, these catches also fetch higher prices 
per kg (for all species caught). This higher quality may be partly due to seining resulting in better 
quality, but state of the art catch handling on these modern vessels may also play a role (Van 
Craeynest pers. comm.). Despite this, there are yearly claims about poor quality fish delivered by 
seine netters. When this happens, it is usually felt not attributable to the gear itself but the vessels 
ability to cope with large catches over a short period (1 to 2 days). 
Technology Creep 
Thomson (1981) in his book on seine fishing commented on the rapid technology development in 
seine netting in the period from 1968 to 1980. Since then there is continuing evidence of 
technological creep in seine net fisheries. The group carried out an initial review of technological 
changes in seine net fisheries and summarised the major changes as follows: 
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• Net Design 
• Seine Rope 
• Deck Machinery 
• Gear Monitoring Equipment 
• Move to Pair Seining and Tow-Dragging 
• Dual Purpose vessels 
4.5.7 Set nets 
Demersal gillnets (Fig. 4-13) are made and deployed in a variety of ways. A common method of 
fishing a demersal gillnet is with buoyed lines at each end that are similar to those of the longlines. 
The weights or anchors are often heavier or larger than those used with longlines. The body of the 
gillnet is made of low-visibility twine with the mesh size and hanging of the webbing based on the 
targeted species. The gillnet is held to the bottom with a leadline that runs along the bottom of the 
nets and between nets. The net is held vertical by a floatline that can consist of floating line or 
headline with floats attached. Static nets set on open ground are generally deployed in long fleets, up 
to 2 km, while gillnets set over ship wrecks are generally shorter. Wreck nets may have metal rings 
attached to their leadline to reduce snagging on the wreck. Most gillnets are static gears, though 
some are allowed to drift. 
 
 
 
Fig. 4-13 – The gear components of a “generic” gill net, in contact with the seabed are the anchors and the 
leadline. © http://www.miseagrant.umich.edu/nets/images/gillnetlg.gif 
 
The benthic effects of a gillnet fishing operation occurs during retrieval of the gear. At this point the 
nets and leadlines are more likely to snag bottom structures or the exposed sedentary benthos. The 
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anchoring system can also affect bottom organisms and structure, if they are dragged along the 
bottom before ascent. 
Gillnets are lost primarily through action of heavy weather or through interaction with mobile gears. 
In the former case, through increased use of GPS, retrieval rates are high. Gillnets caught by mobile 
gear are less likely to be retrieved. The extent to which ghost fishing may then occur may be related 
to several factors, including: water depth, light levels and water movements. The net can forcibly 
tear organisms from the sea bottom or overturn cobble and small boulders to which organisms may 
be attached. 
A ghost gillnet can also provide a new surface for epibenthic organisms to settle on and niches for 
fish and shellfish (crabs). Although the gillnet can host bryozoans and other organisms, and hence 
become visible to finfish and reduced in vertical profile, it also can provide a food source as certain 
organisms in the lower trophic levels settle on the net or are caught in the net. This will commonly 
attract fish or other scavengers to eat those caught and the scavenger species can also get entangled. 
Over time, especially in areas of high water flow, nets become bundled up, reducing their ability to 
entangle fish. In deep water, where fouling is very limited and currents slower, derelict nets may fish 
for long periods. 
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4.6 Quantification of physical impact for selected fishing gears 
A quantitative evaluation of the physical impact is attempted by the selection of a parameter, which 
can be quantified for all fishing gears. Short-term effects of bottom trawling are well investigated. 
Otter trawls and beam trawls are likely to have different physical impacts on the sea bed owing to 
their different catching principles. The most noticeable physical effect of otter trawling is the furrows 
(up to 20 cm deep) created by the otter boards or trawl doors, whereas other parts of the trawl 
create only faint marks. Beam trawling causes a flattening of irregular bottom topography by 
eliminating natural features such as ripples, bioturbation mounds and faunal tubes (Løkkeborg, 
2005). From this review, there clearly are different indicators for the characterization of physical 
impact, e.g. penetration depth, measures for the flattening of seabed structures, changes in 
roughness and hardness, etc. (e.g. Linnane et al. (2000a), Humborstad et al. (2004)). However, these 
effects are not well described for the different fishing gears nor for each of the components of a 
fishing gear. The effects of the roller clump of a twin trawl for instance are still under investigation 
(e.g. Ivanovic et al. (2008)). With this respect, even methodologies are under continuous 
improvement (e.g. Humborstad et al. (2004), O'Neill et al. (2009)). Therefore a fully quantitative 
assessment cannot be based purely on peer-reviewed research, nor on a selection of a wide range of 
parameters for the physical impact.  
However, as physical impact is important to quantify as a pointer for the disruption of habitats, a 
quantitative approach is taken, mainly based on peer-reviewed papers, but partly also on expert 
judgment. One parameter prompted as a good indicator for physical disturbance is penetration 
depth and indicates what range of animal species will be impacted. This parameter is reliably 
quantified for trawl gears, whereas for the other selected gears, a well considered expert judgment 
can be drawn. A second parameter is surface fished (or surface fished/Euro landed fish) and 
indicates the size of the surface area that will be impacted, e.g. prevent the settlement of 3-
dimensional structures. A third parameter is the sediment displaced (or sediment displaced/Euro 
landed fish) and indicates the amount of sediment that is brought in suspension. A fourth parameter 
is fuel consumption. 
• General formula for the calculation of the parameters 
The penetration depth of all different gears needs to be characterized in a uniform way to allow for a 
thorough comparison. The penetration depth of different gears depends on many variables which 
cannot all be taken into account and over which an average has to be calculated. Results from the 
individual studies have been inferred to the level of the North Sea and it is assumed that studies on 
penetration depth take into account the substrates where the investigated gears “usually” fish. For 
beam trawls for instance, a distinction is made between beam trawl with chain matrix and beam 
trawls with tickler chains. The former mainly fishing at rough grounds, whereas the latter are 
designed to fish in sandy substrates. The different components of a fishing gear are nevertheless part 
of the calculation of the penetration depth of a particular gear. The penetration depth of a particular 
gear is composed of the penetration depth of this gear component and its actual share in the 
disturbance. In other words, the penetration depth of each fishing gear component is weighted by 
the width of the component in relation to the complete width of the fishing gear. In general terms, 
the penetration depth of gear is given by formula (1). 
Pgear = Σ (Pi * Wi) / Σ Wi (1) 
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 Where Pgear
  P
 = Penetration depth of the complete fishing gear (cm) 
i
  W
 = Penetration depth of a gear component i (cm) 
i
The values for penetration depth are based on peer-reviewed scientific research, project results or, if 
no other information is available, on expert knowledge. These values are set equal for each fishery, 
whereas the total width of the gear can differ from one fishery to another.  
 = Width of the gear component (m) 
The surface fished is given by formula (2)  
SFgear = Wtot * TS * tprod 
 Where SF
(2) 
gear
  W
 = Surface fished by a certain fishing gear (m²) 
tot
  TS = Towing speed (m/h) 
 = Width of the gear (m) 
  tprod
This parameter can be extrapolated to a year fishing and standardized by unit of landed value in 
order to compare different fishing gears. 
 = Productive fishing hours per fishing day (h) 
The sediment displaced is given by formula (3)  
SDgear = SFgear * Pgear 
This parameter can also be extrapolated to a year fishing and standardized by unit of landed value in 
order to compare different fishing gears. 
(2) 
The results presented are based on a collaborative study carried out by the scientists and institutes 
given in Table 4-7 and are based on the fishery in 2006. 
Table 4-7 – Reference to scientists and institutes who cooperated in delivering data on fuel consumption, 
surface fished and sediment displaced 
Belgium Hans Polet, Jochen Depestele ILVO-Fishery 
Denmark Niels Madsen, Bo Sølgaard Andersen DTU Aqua 
Netherlands Ralf Van Hal, Bob van Marlen  IMARES 
 Erik Buisman, Katrine Soma LEI 
UK Alex Tidd, Thomas Catchpole CEFAS 
 
4.6.1 The flatfish beam trawl 
The physical contact of a beam trawl with the seabed is split up in the contact by the trawl heads and 
the chain mat or tickler chains (incl. groundrope). Penetration of a trawl head is in principle similar 
for all beam trawls although differences can occur depending on the weight of the gear, the warp 
length, the surface area of the sole plate and the tilt angle. The study made by Paschen et al. (1999) 
based its results on modeled data, controlled tank experiments and in situ measurements and can be 
considered reliable. Paschen estimates the trawl head penetration between 4 and 8cm (~6cm on 
average), based on an exerted pressure of 1,5 to 1,7N/cm² (Fonteyne, 2000). The trawl heads exert a 
pressure roughly ranging between 1 and 4 N/cm2 (Fonteyne, 2000; Paschen et al., 2000). The 
pressure from the tickler chains or chain matrix elements is substantially lower than that exerted by 
the trawl heads, in the order of 0.5 N/cm² (Paschen et al., 2000), although the area covered is 
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significantly larger. The penetration of the chains into the sediment, and hence the amount of 
physical disturbance caused by the beam trawl, depends on the weight of the gear, towing speed and 
sediment type. Reported values vary between 3 mm and 6 cm (Lindeboom & de Groot (1998a); 
Duplisea et al.(2002); Blom (1990) and Paschen (1999)). Based on these data, an average penetration 
of 2 cm was taken as an estimate for chain matrix and groundrope. Tickler chains penetrate deeper 
into the sediment than chain matrices according to Moore and Jennings (2000) and generally beam 
trawls with a chain matrix are used on harder substrates and therefore penetrate less deep. No 
quantified data are available but a difference of 10% was selected as a reasonable estimate. The data 
for 4 different beam trawl types are given in Table 4-8.  
Table 4-8 – The average penetration depth of the beam trawl, taking the penetration depth of the individual 
components and their relative width in relation to the total width of the gear into account. 
 Penetration depth (cm) Width (m) Penetration 
depth of the 
gear (cm) 
Trawl head Ticklers and 
groundgear 
4 trawl shoes Groundgear for 
2 trawls 
4m beam trawl (chain mat) 6.0 2.0 1.08 7.0 2.6 
4m beam trawl (tickler chains) 6.0 2.2 1.24 7.0 2.7 
12m beam trawl (chain mat) 6.0 2.0 1.56 21.0 2.3 
12m beam trawl (tickler chains) 6.0 2.2 2.52 22.0 2.6 
 
 
Fig. 4-14 - Impact related parameters for the beam trawl based on the fishery in the North Sea in 2006 (B, Dk, 
Nl, Eng) (source see Table 4-7) 
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4.6.2 The flatfish pulse trawl 
The physical contact of a pulse trawl with the seabed is split up in the contact by the trawl heads and 
the groundrope, the tickler chains have been replaced by electrodes. With the PulseWing also the 
trawl heads have been removed and replaced by the SumWing nose.  
The average penetration depth of the pulse trawl has been reduced to 0.9 cm en 0.8 cm for a 
Eurocutter and large beam trawler respectively. In the case of the PulseWing this penetration depth 
has been further reduced with 11.5% for a 4m trawl and 10% for a 12m trawl. Since the towing speed 
with the pulse trawls has been reduced to 4.5 and 5.5 kn for a Eurocutter and large beam trawler 
respectively, the surface fished has been reduced. Also the sediment displaced is markedly less. 
 
 
Fig. 4-15 - Impact related parameters for the pulse trawl (Verburg) 
0 1 2 3
Pulse
Pulse
Pulse
12
-2
4
24
-4
0
40
+
Average penetration depth (cm)
0 500 1,000 1,500 2,000 2,500
Pulse
Pulse
Pulse
12
-2
4
24
-4
0
40
+
Surface fished, one vessel (km²/year)
0.00 0.01 0.02 0.03
Pulse
Pulse
Pulse
12
-2
4
24
-4
0
40
+
Sediment displaced, one vessel (km³/year)
0.00 0.25 0.50 0.75 1.00
Pulse
Pulse
Pulse
12
-2
4
24
-4
0
40
+
Fuel cons. by landed value (liter/€)
0 1,000 2,000 3,000 4,000 5,000
Pulse
Pulse
Pulse
12
-2
4
24
-4
0
40
+
Surface fished by landed value (km²/€)
0 10 20 30
Pulse
Pulse
Pulse
12
-2
4
24
-4
0
40
+
Sediment displ. by landed value (km³/€)
  Page 42 of 114 
 
 
Fig. 4-16 - Impact related parameters for the PulseWing trawl (HfK Engineering) 
4.6.3 The Sumwing 
With the Sumwing, the beam trawl heads have been replaced with a nose that touches the seafloor. 
The rest of the gear (ticklers chains and groundgear) has remained the same. There is no information 
available on the penetration depth of the nose, so a conservative approach was chosen and it was 
kept the same as for the beam trawl shoe. Based on expert judgement, claiming that the 
hydrodynamics of the Sumwing are such that the nose contact is very light, the penetration depth 
estimate is likely to be less. Except for the replacement of the trawl heads with the nose, in terms of 
seafloor contact, the rest of the gear has remained the same. The data for 4 different beam trawl 
types are given in Table 4-9. 
Table 4-9 – The average penetration depth of the Sumwing, taking the penetration depth of the individual 
components and their relative width in relation to the total width of the gear into account. 
 Penetration depth (cm) Width (m) Penetration depth of 
the gear (cm) 
% reduction 
Nose Ticklers and 
groundgear 
4 trawl 
shoes 
Groundgear 
for 2 trawls 
 
4m beam trawl 
(chain mat) 
6.0 2 0.48 7.0 2.3 13% 
4m beam trawl 
(tickler chains) 
6.0 2.2 0.48 7.0 2.4 10% 
12m beam trawl 
(chain mat) 
6.0 2 0.48 21.0 2.1 8% 
12m beam trawl 
(tickler chains) 
6.0 2.2 0.48 22.0 2.3 12% 
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On average the reduction in average penetration depth of a Sumwing gear is 11.5% for a 4m trawl 
and 10% for a 12m trawl. As for fuel consumption data are scarce but the available data indicate a 
minimum reduction of 10% and occasional reductions up to 23% have been recorded. For the 
presentation of the data in this report the 10% figure has been used, assuming equal catches. 
Applying the Sumwing allows fishermen to trawl at the same towing speed as before, with a reduced 
fuel consumption, reduced CO2 production and less seafloor damage. This is assuming that speed is 
indeed kept constant. The reduced hydrodynamic resistance of the Sumwing would, however, also 
allow increasing the towing speed and fish with a similar amount of fuel but sweep more ground and 
probably catch more fish. Data is lacking but anecdotal information also points at shorter heave-in 
times.  
 
Fig. 4-17 - Impact related parameters for the beam trawl based on the fishery in the North Sea in 2006 (B, Dk, 
Nl, Eng) (source see Table 4-7) 
4.6.4 Hydrorig 
Since the Hydrorig is still in the experimental phase and several new designs have been tested, no 
results are available yet. 
4.6.5 Demersal otter trawls (outrigger, single, twin and pair trawls) 
The penetration depth of otter boards is reported in several studies and an average was taken as a 
proxy for penetration depth of an otter boards used for the demersal trawls (Table 4-10). This 
averaged value is 8.4cm (Brylinsky et al., 1994; Humborstad et al., 2004; Løkkeborg, 2005; O'Neill et 
al., 2009). It must be taken into account that these values are proxies. The penetration depth 
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depends on the weight and performance of the doors (type, angle of attack, speed) and on sediment 
grain size and hardness, being deeper in mud than in sand  (Churchill, 1989; Krost et al., 1990; Tuck et 
al. (1998)). A generally held view is that trawl doors inflict more damage per unit area of seabed than 
other gear components although the footgear sweeps a larger area (Gilkinson et al., 1998). The 
sweeps are not expected to penetrate the seabed, although they can flatten the topography. 
Therefore a value of 0.1cm has been attributed to the sweeps. Depressions probably resulting from 
rollers attached to the foot rope of otter trawls may penetrate to a depth of 2-5 cm (5NSC, 1997; 
Linnane et al., 2000a). Approximately half of the footrope consists of rollers (penetration between 2 
and 5cm) and half of the width is expected not to penetrate the surface. An approximate penetration 
depth of 1.8cm is thus used. Twin trawls have an extra gear component, the roller clump, which 
penetrates on average 9.7cm (Cotterell and Stevens, 2007; O’neill et al.,(2009)).  
The average penetration depth of the demersal trawls depends largely on the width of the different 
gear components and the total spread of the gear. The total spread of the gear differs from fishery to 
fishery, but for the width of each gear component, the same ratio has been used. For outrigger 
trawls, the area fished by the ground gear, is set to 80% with a given spread between the doors of 
8m for outrigger trawls of small beam trawlers and 16m for outrigger trawls of large ones 
(Vanderperren, 2008). The towpath width taken by 1 otter board is averaged to 0.55m. For a twin 
trawl operated from a large beam trawler, the experimental values were used (Vanhee, 2008), which 
result in a door spread of 185m and a width of the ground gear of 29m. 
For demersal trawls, towed from the stern of otter trawlers, the area between the doors is a given 
experimental value (pers. comm.. fishing industry). The ratio which gives the width of the sweeps and 
of the ground gear is taken from the ratio reported by Sangster and Breen (1998), namely 40.6m for 
the ground gear, 83m for door spread, which results in 42.4m for the width of the sweeps. For a twin 
trawl, the width of the ground gear is 48m, which is the average of the values reported by Sangster 
and Breen (1998), Graham and Kynoch (2001) and Graham et al. (2003). The door spread is 110m, 
which results in a width of 62.6m for the sweeps (Sangster and Breen, 1998; Graham and Kynoch, 
2001; Graham et al., 2003). As exact values are not retrieved, the ratios reported by Sangster and 
Breen (1998), Graham and Kynoch (2001) and Graham et al. (2003) are used as an approximation for 
single and twin trawls operated from the stern. For a pair trawl, the width of the ground gear is 
assumed the same. However, the width of the sweeps is not. This is calculated from the “door” 
spread, i.e. the spread between the end parts of the sweeps. This spread is 250m, which implies a 
“door” spread of 209.4m. The sweeps are heavier to keep them better on the ground, at least for a 
distance of 225m (Seafish, website 19 November 2009). This penetration depth is set to 0.4cm, 
whereas the penetration depth of the lighter part of the sweeps is the same as for sweeps of a single 
trawl. 
The data given in the 2 latter paragraphs will differ according to the size of the vessel although it is 
assumed that the ratios between the different gear components are quite constant, which is what 
counts in the calculations made for the data given in Table 4-10.  
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Table 4-10- The average penetration depth of demersal trawling, taking the penetration depth of the individual components and their relative width in relation to the 
total width of the gear into account. This example is applicable to Belgium, but the same ratios of width of different gear components are used for Denmark, the 
Netherlands and the UK. 
 Penetration depth (cm) Width (m) Penetration depth 
of the gear (cm) 
Otter boards Sweeps Groundgear Clump Otter boards* Sweeps Groundgear Clump 
2 outrigger trawls, 
operated from a large 
beam trawler (>24m) 
8.4 0.1 1.8 9.7 2.3 6.4 25.6 / 1.888 
Twin trawl, operated from 
a large beam trawler  
(>24m) 
8.4 0.1 1.8 9.7 1.2 127.0 58.0 0.6 0.693 
Twin trawl, operated from 
a stern trawler (>24m) 
8.4 0.1 1.8 9.7 1.2 62.2 47.8 0.6 0.941 
Demersal trawl, operated 
from a stern trawler  
(>24m) 
8.4 0.1 1.8 9.7 1.2 42.4 40.6 / 1.010 
* The width of an otter boards is the same for all gears (as a proxy), but the number of otter boards used are not, e.g. 4 otter boards for outrigger trawling, whereas only 2 for twin trawling. 
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Fig. 4-18 - Impact related parameters for the twinrig otter trawl based on the fishery in the North Sea in 2006 
(B, Dk, Nl, Eng) (source see Table 4-7) 
 
Fig. 4-19 - Impact related parameters for the single otter trawl based on the fishery in the North Sea in 2006 
(B, Dk, Nl, Eng) (source see Table 4-7) 
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4.6.6 Demersal seines, flyshooters 
The gear components in physical contact with the seabed are the sweeps and the ground gear. The 
penetration depth and the width of the ground gear is approximately the same as for an otter trawl. 
The width fished by the sweeps is approximated by assuming that the fished area of a demersal seine 
has a circular shape with a fished area of 3.4km², which implies a diameter of 2.08km. The 
penetration depth is assumed to be the same as for the sweeps of an otter trawl, i.e. 0.1cm. The 
width of the ground gear is 16m with an penetration depth of 1.8cm, similarly as for otter trawls. The 
average penetration depth of the total fishing gear is therefore 0.11cm. 
This accounts for the demersal seiners active in the North Sea in 2006. Recently, several Dutch and 
French so called flyshooters (Scottish seine) have become active in the English Channel and the North 
Sea, mainly targeting non-quota species like red mullet and gurnards. These are state of the art 
modern vessels with modern and very efficient equipment on board. They use heavier and thicker 
sweeps, fish a larger surface and haul the gear quicker compared to the traditional seiners. Data are 
lacking to make any assessment on these vessels. It is expected that the environmental impact of 
these type of vessels is also low but fishing power is perceived to be very high. 
 
Fig. 4-20 - Impact related parameters for the demersal seine based on the fishery in the North Sea in 2006 (B, 
Dk, Nl, Eng) (source see Table 4-7) 
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4.6.7 Set nets 
There is a great variation in static gears used, e.g. Guitton et al. (2003); Depestele et al. (2008). A 
generic static gear for catching sole and plaice is used in this approach. The gear components in 
contact with the seabed are the anchors and the leadline (Error! Reference source not found.). To 
the best of our knowledge, the penetration depth of a gill net has not been investigated and 
published. Therefore the impact has been estimated by an expert judgement. The anchors have a 
minor impact on the seabed, with a penetration depth of 2mm, whereas the leadline hardly 
penetrates the seabed (penetration depth of 0.1mm). The width disturbed by 1 anchor is 0.3m and 
the assumption is that there are 4 anchors over a distance of 1000m. The width of the leadline is 2cm 
for a distance of 998 per 1000m net. This results in a penetration depth of 0,012cm for 1000m net. 
 
Fig. 4-21 - Impact related parameters for static gear based on the fishery in the North Sea in 2006 (B, Dk, Nl, 
Eng) (source see Table 4-7) 
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4.7 Fish discards 
Discard data are available from observer programs, for which observers join a single trip of a 
commercial vessel and sample the discard fraction of the catch. For these programs it is impossible to 
join each individual fishing trip as funds and manpower are not sufficient. The main observer 
program delivering data for the North Sea covers less than 1% of the fishing trips whereas the 
European Commission has already expressed the need to increase the coverage to 15%. The observer 
program in 2006 showed that the major fish species in the discards were dab (Limanda limanda) and 
plaice (Pleuronectes platessa). The percentage plaice discards for the beam trawlers was on average 
86% of the total catch in numbers and 54% in weight. For the bottom otter trawler the percentage 
plaice discards was 74% in numbers and 46% in weight. The percentage discards for sole was on 
average 29% in numbers and 13% in weight for the beam trawl vessels and less than 1 kg sole per 
hour was discarded by the otter bottom trawl.  
Discard data for the Kattegat, North Sea and Eastern English Channel were provided by STECF (2010) 
for the years 2003-2008. The data are graphically presented in Fig. 4-22. The abbreviations for the 
gears are: 
Bottom trawls and seines (OTB, OTT, PTB, SDN, SSC, SPR) of mesh: 
• TR1 equal to or larger than 100 mm, 
• TR2 equal to or larger than 70 mm and less than 100 mm, 
• TR3 equal to or larger than 16 mm and less than 32 mm; 
Beam trawls (TBB) of mesh: 
• BT1 equal to or larger than 120 mm 
• BT2 equal to or larger than 80 mm and less than 120 mm; 
Gill nets, entangling nets (GN); 
Trammel nets (GT); 
Longlines (LL). 
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Fig. 4-22 - Discard data for the Kattegat, North Sea and Eastern English Channel (STECF, 2010) for the years 
2003-2008.   
In the report attention is paid to the quality of the data and data deficiencies are made clear. 
Remarks are made like " These results are to be treated with caution at the present time considering 
the high degree of uncertainty arising from the low sampling level. Furthermore, these results do not 
take into account the possible differences between metiers." Some countries delivered incomplete 
data.  
These values are an indication of a discarding practice at a moment in time. A moment with fish 
stocks with quickly changing characteristics and a fishery in transition. In order to serve the needs of 
this study we need to know the selective properties of the gears to assess the level of discarding on a 
certain fishing ground in a certain season. The discard ratio depends on the time of fishing (season) 
and the location of the fishing activity (coastal, offshore, rocky sediment or sandy bottom etc.). 
Furthermore the discard percentage depends on the recruitment of the years before. A good year 
class will increase the discard percentage in the following years, depending on the time it takes this 
species to grow above the minimum landing size. Especially, the low number of trips sampled limits 
their use for estimates of the total North Sea discards. Therefore in this report, where the aim is to 
compare fishing gears, the discards have been calculated based on recent selectivity parameters for 
the gears. These selectivity parameters have been applied to two length frequency distributions (one 
with ample young fish and one with the youngest age classes removed or reduced) of sole, plaice, 
cod, haddock and whiting. These distributions were based on the North Sea IBTS and BTS survey 
program for 2006 (provided by Imares, Nl). This method allows a more objective comparison of 
gears. The reason for incorporating two types of length frequency distribution, one with ample and 
one with young fish reduced, was to indicate the effect of the size composition of the fish on the 
fishing ground and to demonstrate the importance of managing the geographical and seasonal 
spread of fishing effort and the effectiveness of management tools like real time closures. 
 
  Page 52 of 114 
 
4.7.1 Beam trawls, otter trawl, set nets 
The selectivity ogives for the different fishing gears and mesh sizes are given in Fig. 4-23, Fig. 4-24 
and Fig. 4-25 and were calculated and provided by Niels Madsen (DTU-Aqua, Denmark) in the frame 
of a collaborative EU project.  
The set net parameters account for gillnets. Similar selective properties can be expected for trammel 
nets although the catching mechanism may lead to a wider selection ogive.  
The length frequency distributions for plaice, sole, cod, whiting and haddock are given in Fig. 4-26 for 
the option including young fish in the population and Fig. 4-27 for the option excluding young fish in 
the population. The numbers of fish in the catch, above and below Minimum Landing Size (MLS), for 
three types of fishing gear, i.e. beam trawls, otter trawl and set nets, are given in Fig. 4-28 for the 
option including young fish in the population Fig. 4-29 for the option excluding young fish in the 
population. 
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Fig. 4-23 – The beam trawl selectivity ogives for sole, plaice, cod, haddock and whiting, conditionally 
applicable for Sumwing, pulse trawl, Hydrorig. 
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Fig. 4-24 – The otter trawl selectivity ogives for sole, plaice, cod, haddock and whiting, also applicable to 
twinrig and outrig. 
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Fig. 4-25 – The set net selectivity ogives for sole, plaice, cod, haddock and whiting. 
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Fig. 4-26 – The length frequency distributions for plaice, sole, cod, haddock and whiting, including young fish, 
standardized to 1,000 fish, as used for the selectivity simulation. 
 
Fig. 4-27 – The length frequency distributions for plaice, sole, cod, haddock and whiting, excluding young 
fish, standardized to 1,000 fish, as used for the selectivity simulation. 
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Fig. 4-28 – Numbers of fish in the catch “above Minimum Landing Size” and “below Minimum Landing Size”, 
out of a total of 1,000 entering the net, for the option “including young fish in the population”. The data 
label on the graph indicates the discard ratio (defined as % discards in the catch). These results are not 
obtained from observation at sea but are the outcome of a simulation. 
All three types of fishing gear studied clearly have very high discard ratios for plaice when a small 
mesh size (80 or 90 mm) is being used. The small meshed trawls also have high discard rates for 
roundfish like cod, haddock and whiting and moderate discarding for sole. The selectivity of small 
mesh set nets is clearly better compared to trawls for sole, cod, whiting. Increasing the mesh size to 
120mm improves the discard problem for all species although cod, whiting and plaice are still 
discarded at rates > 50%. Otter trawl selectivity has clearly improved compared to the smaller 
meshes. The set net discard ratios for cod, haddock and whiting are high but this is caused by 
reduced commercial catches compared to similar undersized catches.  
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Fig. 4-29 – Numbers of fish in the catch “above Minimum Landing Size” and “below Minimum Landing Size”, 
out of a total of 1,000 entering the net, for the option “excluding young fish in the population”. The data 
label on the graph indicates the discard ratio (defined as % discards in the catch). These results are not 
obtained from observation at sea but are the outcome of a simulation. 
If the fishery targets large fish and the younger age classes are not present on the fishing ground 
discarding of flatfish like plaice and sole is low. For roundfish like cod, haddock and whiting, the 
situation has not improved. With the larger mesh size the discard problem has been further reduced 
to a low level for set nets and otter trawls and a low level for flatfish in beam trawls and a moderate 
level for roundfish in beam trawl. 
4.7.2 Sumwing, pulse trawl, Hydrorig 
The selectivity parameters have been collected in the beam trawl, otter trawl and set net fisheries 
but can conditionally be applied for other fishing gear as well. For the Sumwing trawl, similar catches 
are expected as for the beam trawl and operational characteristics such as towing speed can be 
expected to be the same so the same selectivity parameters can be used. For the pulse trawl, the 
netting material is the same as in the traditional beam trawls so similar selective characteristics can 
be expected. Smaller catch weights, however, can be expected due to the lower towing speed and 
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the absence of tickler chains which can influence the selectivity (O’Neill and Kynoch, 1996; Madsen 
et al., 2002). The same accounts for the Hydrorig trawl which uses the same netting but which can 
obtain a different catch composition.  
The selectivity parameters for the otter trawl can be used for the twinrig and the outrigger trawl. 
4.7.3 Demersal seines 
The ICES WGFTFB group (ICES, 2010) found evidence of high discarding in a number of seine net 
fisheries.  Alverson et al (1994) identified the North Atlantic seine net fisheries for cod, haddock and 
whiting as being among the top twenty fisheries giving the highest discard ratios by number of fish  
(i.e. discard number per landed target species catch number). For cod the ratio was 0.79, for haddock 
0.70 and for whiting 0.64.  STECF (2006) reported discarding in seine net fisheries in the North Sea of 
approximately 20% for all species.  Discarding/high grading by seiners in the North Sea is put down to 
low prices for round haddock and also due to quota restrictions but can vary from zero to around 
30% depending on area (Mair, pers. comm.). STECF (2008) also report discarding of haddock to be 
high in the Irish seine net fishery in the Celtic Sea, with observed discarding of haddock at over 50% 
by total catch weight and at 10%, 16% and 32% for whiting, cod and hake respectively.  STECF 
concluded that as for the North Sea, haddock and whiting discarding was due largely to poor 
selective properties of the gear and lack of a market for fish at or just above MLS. Pálsson (2003) 
identified significant discarding of haddock in Danish seine fisheries in Iceland. A later Icelandic  study 
reported by Einarsson (2008) showed discard rates in Danish seine fisheries in terms of weight of cod 
and haddock over the period 2001-2007 had the highest (~12%) and lowest (0%) rates of measured 
discard rates of any fisheries in Iceland. In Norway, even with a discard ban in place, Valdermarsen 
and Nakken (2002) estimated discarding in the Norwegian Danish seine net fisheries to be in the 
order of 5-9%, mainly due to illegal high grading. This was quite high compared to similar estimates 
made for trawling (1-5%) and purse seines (3-9%). In Australian Danish seine fisheries, as reported by 
Wayte et al (2004), have very low discard rates for quota species in this case flathead and whiting, 
but high discards rates up to 100% for some non-quota species.  
With respect to selectivity data for seine net gear, the group carried out an initial assessment and 
identified a number of studies that had attempted to measure seine net selectivity. However, most 
of these reports indicated that measuring selectivity of was problematically given the way seine net 
gear is operated. Codend covers (Coull and Robertson, 1985), alternate haul (Anon., 1990; Anon 
1991) and trouser codends (Anon., 1991; Anon; 2006) have all been used to measure selectivity but 
none have proven to give completely satisfactory results.   
A number of different selectivity devices have been tested to improve seine net selectivity in addition 
to simple increases in mesh size (Spingle 2001). These include the use of square mesh panels (Arkley, 
1990; Ashcroft, 1991; Anon., 2002 Anon., 2003), grids (ICES, 1998; Anon., 2008) and coverless trawls 
with reduced top sheets (Anon., 1997). The results from these studies are varied and all of them 
indicated that while there appeared to be ways of improving selectivity, in practice it is difficult to 
obtain definitive results as indicated previously.  
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4.8 Effects on benthic habitats 
4.8.1 Introduction 
Reiss et al. (2009) summarizes the two approaches, generally used to examine the impact of fishing 
on the benthic invertebrate component of marine ecosystems. Their description of the two 
approaches has been our guideline to investigate the effects of fishing upon benthic invertebrates. 
The first approach, the experimental studies, which have revealed effects at both species and 
community levels, have recently been comprehensively reviewed in 2 meta-analyses that have 
derived broad overviews of the immediate direct impact of fishing disturbance on benthic 
invertebrate communities (Collie et al. 2000, Kaiser et al. 2006). The short-term effects due to a 
particular fishing gear, are described in section 3.1 on “Tow path mortality”. The second approach 
describes the impact upon benthic habitats, invertebrates by another methodology, namely by 
comparing fishing grounds with different levels of disturbance, generally expressed as fishing effort 
of bottom trawling. These studies are given in more detail in the section “3.4 Productivity and fishing 
intensity”. Next to these sections, special attention will be given to habitats in “3.3 habitat impacts 
(incl. physical and biological), although habitat impacts are not ignored in other sections. The final 
section “3.5 Recovery and long-term impacts” includes long-term studies that have evaluated the 
trends in benthic communities and assessed the link with fisheries. 
4.8.2 Tow path mortality: changes in densities and abundance 
4.8.2.1  Introduction 
The effects of mobile fishing gears on benthic invertebrates, communities and habitats have been  
studied in numerous publications (e.g. (Allen and Clarke, 2007; Auster and Langton, 1999; Auster et 
al., 1996; de Juan et al., 2008; Gilkinson et al., 2006; Gordon et al., 2006; Hall, 1999; Hinz et al., 2009; 
Jennings et al., 2001a; Kaiser, 1998; Kaiser and de Groot, 2000; Kenchington et al., 2007; Pitcher et 
al., 2009; Rabaut et al., 2008; Rabaut et al., 2009; Reiss et al., 2009; Rice, 2006; Schratzberger and 
Jennings, 2002; Schratzberger et al., 2009; Thrush and Dayton, 2002; Thrush et al., 1995; Turner et 
al., 1999; Watling, 2005; Watling and Norse, 1998a; Watling and Norse, 1998b). However, general 
conclusions will be based on the two meta-analyses which have examined the changes in abundance 
due to beam trawling or otter trawling. Twinrig trawling is technologically different from otter 
trawling because of the larger horizontal spread of the gear (for the same vessel engine power) and 
the presence of the roller clump. The severity of impact of a twin-rigged trawl is therefore at least 
that of an otter trawl. This analysis investigates the effect of trawling on abundance and the factors 
that explain variability in these effects, e.g. habitat. 
4.8.2.2 Beam trawl and twinrig trawl 4.8.2.2.1 First meta-analysis of trawling effects on benthos (Collie et al., 2000) 
Collie et al. (2000) have tried to answer three questions: 
1. Are there consistent patterns in the responses of benthic organisms to fishing disturbance? 
2. How does the magnitude of this response vary with habitat, depth, disturbance type and 
among taxa? 
3. How does the recovery rate of organisms vary with these factors? 
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The meta-analysis comprised 39 publications, implying 57 different impact manipulations. However, 
these include both trawling and dredging. Within the frame of this investigation, the focus is solely to 
the trawling part of the meta-analysis. This reduces the number of manipulations drastically to 29 
(Table 4-11). Most of the studies were undertaken at depths less than 60m. The regime variable was 
used to distinguish experimental studies (acute disturbance) from the 12 studies comparing fished 
and unfished areas. The latter methodology is currently more frequently applied (see section on 
productivity). 21 manipulations focus on otter trawling, whereas 8 on beam trawls. The impact of 
otter trawls has been investigated for sand and mud habitats, whereas the impact of beam trawls is 
studied in gravel, muddy sand and sand habitats. 
 
Table 4-11: summary table showing the 57 fishing impact studies used in the analysis, sorted by fishing gear, 
habitat and region. Some publication appear more than once because they incorporated distinctly different 
experimental manipulations. Missing values indicate that the information was not provided in the original 
publication. The “use”-column indicates whether the data was used for the formal statistical analysis (values 
in brackets denote use in the recovery analysis). Recovery denotes the period in days over which recovery 
was followed. An asterisk in the regime column denotes a study on a fishing ground, where the level of 
disturbance was unknown. (Modified from Collie et al. (2000)). 
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The effects of the trawling on the number of individuals and the number of species have not shown a 
statistical significant pattern. This lack of significance is largely due to the low statistical power, but 
Collie et al. (2000) also suggest that it may also be that negative responses of some taxa are 
counteracted by positive responses of others. The authors conclude that the immediate impact of 
trawling is high although strongly variable with gear type, habitat and taxa. Otter trawling and beam 
trawling have the least impact in comparison with different types of dredging. However, the lack of 
effect from beam trawling might be due to the relative paucity of data and the fact that most studies 
were conducted in relatively dynamic sandy areas. The responses in sand habitats seem less negative 
as in other habitats, although a clear ranking of the severity of impacts have not emerged. This is 
mostly likely due to the unbalanced nature of the data. Kaiser et al. (2006) have therefore also 
included “habitat” as an important explanatory variable for variation differences in density changes. 
The recovery patterns are not discussed as these are widely under examination by Kaiser et al. (2006) 
and are more clearly given in section “3.4 Productivity and fishing intensity”. 4.8.2.2.2 Second meta-analysis of trawling effects on benthos (Kaiser et al., 2006) 
Kaiser et al. (2006) extended the database by Collie et al. (2000) and re-analyzed it as the lack of 
studies in Collie et al. (2000) resulted in some inconsistent conclusions, especially concerning the 
recovery potential of benthic organisms. The number of manipulations in Kaiser et al. (2006) were 40 
for otter trawling and 17 for beam trawl treatments. The habitats investigated were split into sand, 
muddy sand, mud, gravel and biogenic habitats. There were no data of beam trawling in muddy or 
biogenic habitats. We are also unaware of any study on the effects of commercial beam trawling on 
muddy fishing grounds. However, concerning biogenic reefs, we refer to Rabaut (2009), who 
concludes that there are some pointers which indicate that the tightly associated species of Lanice 
conchilega reefs will be impacted significantly when beam trawling occurs. The aim of the study by 
Kaiser et al. (2006) was specifically to analyze 
1. The direct effects of a certain fishing gear in a habitat type 
2. The effect of habitat and gear combinations to the total number of individuals and species 
(this analysis could not effectively be fulfilled due to data limitations) 
3. The recovery of individual phyla for certain habitat/gear combinations 
4. The recovery of functional groups for certain habitat/gear combinations 
The response variable has been calculated as % difference X = [(Af – Ac)/Ac
where  A
] * 100 
f
  A
 = abundance in experimental fished areas (abundance prior to fishing) 
c
1.  To investigate the direct effects, information was split up in four discrete time intervals for otter 
trawls and beam trawls. The initial impact of beam trawl disturbance is most severe in sandy and 
gravel habitats. There is a rapid recovery from beam trawl disturbance in a sandy habitats. In muddy 
sand the abundance even increases after a considerable time period. However, it must be noticed 
that Kaiser et al. (2006) have not distinguished the difference between meio- and macrofauna in 
their analysis. The decrease in abundance after otter trawl disturbance is only apparent in muddy 
sand (taken into account a time lag) and in biogenic habitats. In muddy habitats, the abundance 
seem to increase over a longer time span. 
 = abundance in unfished control area (abundance after fishing) 
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 Fig. 4-30– Response Y of benthic taxa to disturbance by otter trawls (above) and beam trawls (below) in 
different habitat categories. Y is log-transformed percentage change inabundance of each taxon in relation 
to control conditions (Y = -4.6: complete removal; -2.2 = 90% reduction; -0.7 = 50% reduction; -0.22 = 20% 
reduction; 0 = no change; +0.22 = 25% increase; +0.7 = 100% increase). The response is shown for 4 time 
categories (0-1, 2-7, 8-50 and >50d); note that the final time bin varies between Days 50 and 1460 after a 
disturbance event. Data are means +/- 2 SE (from pooled SD for each plot); hence, there is no significant 
difference from a zero-response (no impact of trawling) if the error bar intersects the X-axis. For certain 
combinations of fishing gear and habitat, there were either insufficient or no data. Numbers at the bottom 
or top of each graph: number of data point for that time interval and (parentheses) number of different 
studies contributing data points. (Modified from Kaiser et al., 2006). 
 
 
  
   
Fig. 4-31- Response of total number of species and total number of individuals (I) to otter trawls in sandy and 
muddy habitats after an initial disturbance event, recorded over 4 time intervals. Intersection of 95% 
confidence intervals with the zero-response line indicates no impact of trawling. 
2. The effect of trawling on whole community descriptors have not been reported for beam trawls, 
but for otter trawls no significant differences could be found in total number of species or number of 
individuals nor for sandy, nor for mud habitats. Kaiser et al. (2006) indicate why many studies may 
have failed to report effects for univariate community metrics. They stress that many of the 
experimental studies undertaken to date have examined the response of species richness to fishing 
disturbance at an inappropriately small scale in a bid to maximise replication within a given sampling 
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effort. Fishing disturbances are large-scale in nature, and require sampling effort to appropriately 
match the scale of the impact; hence many previous studies may have failed to report effects due to 
an inappropriate scale of sampling for univariate community metrics. 
3. The recovery of individual phyla for certain habitat/gear combinations is examined, taking time as 
a continuous variable . A simple linear regression is performed for each habitat/gear combination on 
the pooled taxa or for individual phyla. Pooled data only revealed sufficient data for the “muddy 
sand” habitat for beam trawls and for “biogenic” and “mud” habitats for otter trawls. Table 4-12 
indicates for different habitats what the changes in response variable are after 1 day. These values 
are illustrative for indications of how long recovery time might last. Conclusions for beam trawls are 
based upon very limited data points. 
Table 4-12- Impact and recovery summaries for the combinations of beam trawl and otter trawl with 
investigated habitats, (ex: extrapolation beyond longest time for which data were available). Initial impact: 
linear regression of loge(1+[% change from control]/101) against loge(1+[time after impact, d]) used to 
predict initial impact (where times are now on continuous scale), provided there are points in third and 
fourth time groups. This is used whether or not the regression is ‘significant’, provided the F ratio is >1; 
otherwise, initial impact is estimated from all values, irrespective of time, by simple mean and CI. 
Comments: emphasises paucity of data, or when linear regressions are borderline significant or not 
significant. Note: Caution should be exercised in interpreting any predictions, whether extrapolated or 
interpolated, since they can be strongly dependent on the linearity assumption (Modified from Kaiser et al., 
2006) 
Habitat Change in response 
after 1 day (%) 
Time to –20% recovery Time to –10% recovery 
Beam trawl 
 Mean Min. Mean Max. Mean Max. 
Gravel -42 -22 No data on recovery but a significant initial drop 
Muddy sand -38 -28 5d 29d 11d 236d 
Sand -37 -55 No data on recovery but a strong initial drop 
Otter trawl 
 Mean Min. Mean Max. Mean Max. 
Biogenic -74 -63 112d >8yr ex. 188d >8yr ex. 
Gravel +3 0 No data on later times but no initial drop at all 
Mud -29 -17 1d 4d 4d 8d 
Muddy sand -51 -19 No data on recovery but a significant initial drop 
Sand -15 0 No good evidence for drop or subsequent change 
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Fig. 4-32– Mean initial response (up to 7 d after impact), with 95% confidence intervals of deposit- and 
suspension-feeding fauna to (BT) beam-trawling, (OT) otter-trawling and (ScD) scallop-dredging in (G) gravel, 
(S) sand and (M) muddy sand/mud habitats combined. Dashed lines: CI where only 2 points available for 
mean calculation, and hence some intervals extend outside plotted range). Values above x-axis: number of 
data points in each mean calculation. Adequate test for a significant initial impact: whether 95% confidence 
interval crosses zero-response line 
5. Kaiser et al. (2006) also undertook the considerable task of identifying broad functional types 
for as many of the taxonomically-based data values as possible. They examined the recovery 
of functional groups. Consistent trends were apparent for deposit- and suspension-feeding 
fauna in the short-term response to fishing disturbance. Otter trawls had a negative response 
on deposit- and suspension feeders, uniformly over all different habitat types. The greatest 
impact was on suspension feeders in muddy habitats. The effects of beam trawls were highly 
variable among habitats, with the most negative effect on deposit feeders in gravel habitats. 
Suspension feeders were most negatively affected in sand habitats (Fig. 4-32). 
4.8.2.3 Fly-shoot 
Only one recent study has been detected, namely Thórarinsdóttir et al. (2010). Data obtained from 
analysis of grab samples revealed no significant differences in the species composition between 
fished and unfished areas although the abundance of benthic organisms tended to be greater within 
the closed area than in the fished area. Findings from samples obtained with epibenthic dredge were 
consistent with those of the grab samples. To compare species composition of the larger bodied 
invertebrates and fish between fished and unfished grounds, tows were taken with fly-dragging. Due 
to several practical constraints, it was not possible to collect sufficient number of samples to 
compare statistically abundances among locations. 
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Fig. 4-33- The mean number of the most common animal groups in the sledge (left) and grab (right) samples 
from the preserved area (open bars) and from the fishing area (closed/black bars). The first 3 (left) and 5 
(right) groups are polychaeta species. Marflær = amphipoda, þvengflær = tanaidacea, Ánar=oligochaeta, 
samlokur=bivalvia, ranaormar=nemertinea, þráðormar=nematoda (Modified from Thórarinsdóttir et al. 
(2010)). 
4.8.2.4 Hydrorig, sumwing and pulse trawl 
Scientific conclusions cannot be drawn yet on tow path mortality in an area fished where pulse 
trawling, hydrorig and sumwing fishing takes place. This is because the fishing gear is only recently 
developed or still in the developmental phase. Moreover, as accounts also for fly-shoot fishing, this 
type of impact studies is complex and expensive, which might explain why they are, to the best of 
our knowledge, not conducted. Some comments are given in Section 4.6.2, 4.6.3 and 4.6.4. 
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4.8.3 Productivity and fishing intensity 
4.8.3.1 What is productivity? 
The Ecosystem Approach to Fisheries (EAF) and Fisheries Management (EAFM) recognizes that the 
ocean’s living marine resources do not live in isolation from other ecosystem components. The major 
question is thus: “What types of fisheries and effort can be sustained without compromising the 
structure and functioning of the ecosystem?” (Pitkitch et al., 2004).  
Productivity can be defined as the rate at which biomass is generated in an ecosystem (units of mass 
per spatial unit per temporal unit). It is an essential measure in the estimation of changes in the 
ecosystem structure and especially functioning. Fishing may result in positive and/or negative 
changes in productivity of resources (changes in ecosystem functioning) and affects associated 
species (ecosystem structure) (FAO, 2003). The key questions are therefore: 
“Does the removal of top predators affect lower trophic levels?” 
“Does the removal of forage species (prey) affect lower trophic levels?” 
“Does the effects upon other non-commercial ecosystem components affect other trophic levels in 
changing the structure and the functioning of the ecosystem?” 
The decline of primary productivity of consumers low in the food chain removes important forage 
species needed higher in the food web, with cascading effects for the ecosystem. Conversely, the 
removal of top predators may release an unusually large abundance of preys at lower levels with 
cascading and feedback effects on the food chain and species composition (Cury et al., 2003). The 
changes in abundance of commercial fish species has been of concern since decades. However, the 
effects of fishing upon productivity of other ecosystem ecosystem components has only been a topic 
in recent years. These effects result in changes in productivity of other ecosystem components 
(positively or negatively). This energy flow has been described according to different theories: 
bottom-up, top-down or wasp-waist (Cury et al., 2003). No general theory is able to totally predict 
the ecosystem’s behaviour, although tentative generalizations should be proposed and investigated 
(Cury et al., 2003; 2008), including the driving factors (e.g. Heath et al., 2005). As changes in 
production have only recently gained research focus (Jennings et al., 2001b), the impact of different 
fishing techniques and upon different habitat types is fairly difficult to discriminate. However, impact 
of “bottom trawling” has been under attention and linking these research outputs with other 
chapters in this document may lead to tentative hypotheses. 
4.8.3.2 Primary productivity 
Primary productivity is the production of organic matter (aquatic plants, mainly algae, phyto-
plankton) from carbon dioxide and other chemical compounds. Limiting factors are light and mineral 
nutrients. The effects of beam trawling and otter trawling (incl. twin-trawling) on plankton was topic 
of investigation in the ICES Working Group on Ecosystem Effects of Fishing (WGECO) in 2006. Up till 
then, they were not aware of any study reporting the effects of either of these fishing methods. 
General conclusions of the potential effects were deducted from general ecological theory and 
known effects:  Changes in the abundance of fish and benthos, from the direct and indirect effects of 
fishing (see other sections of this document), will alter the total amount and spatial distribution of 
larvae produced. In many regions, the seasonal input of mero-planktonic larvae comprises a major 
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part of the zooplankton and this can influence system dynamics through their consumption of 
phytoplankton and micro-zooplankton (ICES, 2006). One essential part of understanding how fishing 
affects primary productivity is thus through the changes in benthic and fish communities (e.g. Baum 
and Worm (2009). Herefore, one must understand how ecosystem function of benthic communities 
is altered by trawling, which includes the understanding of the function of species and their 
sensitivity to trawling (Larsen et al., 2005). 
Next to the indirect effects on phyto-plankton through altered consumption patterns, fishing may 
also induce a physico-chemical bottom-up forcing. This bottom-up forcing has been considered to be 
the main mechanism in structuring the marine ecosystem (e.g. Heath (2005)), although some field 
observations and empirical correlations support the top-down modulation (e.g. mentioned by ICES, 
2006) (Reid et al., 2000). The bottom-up forcing implies that nutrient fluxes from the sediment to the 
euphotic zone are affected. The remineralization process, through fluxes of nutrients, ultimately fuels 
new algal production in the euphotic zone. These effects on the nutrient balance are especially 
apparent in continental shelf and coastal areas. Trawling might affect nutrient fluxes in direct and 
indirect way.  
In a direct way, bottom trawling may trigger off considerable productivity pulses due to the rate of 
dissolved and particulate nutrient releases from seabed disturbance (Dounas et al., 2007). These 
releases may be transported to the euphotic zone to support new production, which is in support of 
the bottom-up mechanism for increasing the amount of food available to planktivorous fish (Dounas 
et al., 2007). The effects of different fishing techniques on the physical environment are specific to 
each gear (clouds of suspended sediment, resuspension and bury of biologically recyclable organic 
material). Tentative hypotheses on nutrient releases can be made in this sense as direct 
measurements of nutrient releases are limited in the North Sea (e.g. Durrieu de Madron et al. (2005) 
in the Gulf of Maine; Pusceddu et al. (2005) in the Thermaikos Gulf). Durrieu de Madron et al. (2005) 
conclude that bottom trawls produce significant resuspension, whilst the near-bottom and mid-
water pelagic trawls have no impact upon the sediment. The sediment clouds at several hundred 
meters astern of the bottom trawls are 3–6m high and 70–200m wide; they were generated both by 
the otter doors and the net. The average suspended sediment concentrations measured in the 
plumes reach 50 mg*l-1
In the surface sediment system the macrofauna is an important component for the benthic-pelagic 
coupling in terms of transport and exchange of solids and solutes in sediment and water through 
deposition and recirculation (Olsgard et al., 2008). Especially species which structure the habitat, 
such as Lanice conchilega, might be crucial in ecosystem function and community structure (Rabaut 
et al., 2007). The impact on bioturbators (e.g. the impact of beam trawling on Lanice conchilega 
(Rabaut, 2009)) might be inventoried and can indirectly indicate in which habitats trawling might 
affect primary production (see Box). 
. Pusceddu et al. (2005) conclude that trawling activities in Thermaikos Gulf 
determined a significant increase in suspended POM concentrations and important changes in its 
biochemical composition. 
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Box: bottom trawling impacts the abundance of bioturbators, which affects nutrient fluxes (modified from 
Olsgard et al., 2008) 
Field observations confirmed that trawling reduced the density of important bioturbators in the study area, 
but revealed only weak effects of trawling on nutrient fluxes. The importance of the decline in bioturbators 
was demonstrated in the mesocosm experiments where the density of four key bioturbators (Brissopsis 
lyrifera, Nuculana minuta, Calocaris macandreae and Amphiura chiajei) showed significant correlations with 
nutrient flux. All four species caused an increase in the rate at which silicate was released from the sediment, 
but their effect on nitrogen cycling were species specific. Bioturbators that bulldoze through the sediment (B. 
lyrifera and N. minuta) increased the loss of dissolved inorganic nitrogen (DIN) from the sediment, whereas 
those that irrigate burrows within the sediment (C. macandreae and A. chiajei) caused increased uptake of 
DIN. This shows that the activities of the species present can determine whether the seabed acts as a source 
or a sink of nitrogen nutrients. 
 
In the Southern North Sea a significant decline in silicate and increase in nitrogen concentrations has been 
observed over the last 30 years (Humborg et al., 2000; Sommer et al., 2002). In the central areas of the North 
Sea, the release of silicate from the sediment has been found to be much more important than river input, 
and recent 3-D models for the North Sea indicate that benthic efflux of silicate is the most important source of 
silicate for phytoplankton (Moll and Radach, 2003; Proctor et al., 2003). Through decimation of large 
bioturbators, trawling may affect the efflux of silicate to an extent that alters primary production and plankton 
dynamics. 
4.8.3.3 Secondary productivity 4.8.3.3.1 Benthic meiofaunal effects 
The extent to which the observed changes in community structure reflect changes in the production 
of the nematode community was totally unknown until very recently (Schratzberger et al., 2002). 
One important reason might be the notion that meiofauna is considered to be less vulnerable to 
direct physical impacts of trawling, in contrast to macro- and megafauna (Hinz et al., 2008). However, 
nematodes, which are usually numerically dominant in the total meiofaunal composition (Coull, 
1999), complete their life cycle in a few weeks, resulting in a much higher production to biomass 
ratio compared with macrofauna. Thus, since meiofauna make a significantly greater contribution to 
benthic production than the larger macrofauna, there are compelling reasons to assess their 
response to disturbance (Schratzberger et al., 2002; Hinz et al., 2008). Jennings et al. (2001) also 
suggest that effects of trawling upon production can be best examined by the production and 
dynamics of the meiofauna and the smallest macrofauna, because these groups, along with bacteria, 
are the only large groups of species that have sufficiently fast life cycles to proliferate in intensively 
trawled areas are process the carbon and nitrogen that cannot be processed by depleted populations 
of larger animals. While nematodes are an important ecosystem component in all habitats, they are 
probably more active in sediments with high amounts of organic matter, such as muddy sediments 
(Coull, 1999 in Hinz et al., (2008)). 
Jennings et al. (2001a) conducted an experiment in the Silver Pit and the Hills region of the North 
Sea, comparing different levels of beam trawl disturbances in these North Sea regions. The range of 
trawling disturbance was low in the Hills region, resulting in non-significant effects on production. 
For the Silver Pit, they concluded that the relative infaunal production (production per unit biomass) 
rose with increased trawling disturbance, largely attributable to smaller animals in disturbed 
communities. They also had some evidence for the proliferation of small polychaetes at moderate 
levels of disturbance, whereas their production fell at higher levels of disturbance. 
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Another, more recent study by Hinz and colleagues (Hinz et al., 2008) has investigated the effect of 
otter trawling on two muddy fishing grounds in the North Sea (Fladen ground) and in the Irish Sea.  
 
   Log10 times trawled (year -1) 
Fig. 4-34- The relationship between production with trawling frequency for nematodes. Significant regression 
lines are drawn (p=0.05). Open circles indicate North Sea data; solid circles are data from the Irish Sea 
(modified from Hinz et al., 2008). 
They conclude that otter trawling, inclusive of twin rigging, has a significant negative effect on 
nematode abundance, production and genus richness in both areas. Based on the results of the 
regression slopes in Fig. 4-34, a tenfold increase in trawling intensity for 1 to 10 year-1 lead to a 
reduction in production by 25.7% in the Irish Sea and 16.3% in the North Sea. In the North Sea, for 
three of the genera, a significant response to trawling was detected. Aponema and Sabatieria had a 
positive response to increasing trawling frequency, while Halalaimus showed a negative response. 
Hinz et al. (2008) discussed a significant negative effect of otter trawls on nematode production in 
both the Irish Sea and muddy fishing grounds of the North Sea, which fishing grounds are 
characterized by a relatively low primary productivity of 90-100g C*m-2
4.8.3.3.2 Benthic macro- and mega-faunal effects 
 (De Wilde et al, 1986 in Hinz 
et al. (2008)).  
Existing theory suggests that frequent trawling disturbance may lead to the proliferation of smaller 
benthic species (Duplisea et al., 2002) with faster life histories, because they can withstand the 
mortality imposed by trawling and benefit from reduced competition or predation as populations of 
larger species are reduced (see sections above). Since smaller species are more productive, trawling 
disturbance may “farm the sea”, with knock-on benefits for consumers, including fish populations 
(see following section) (Jennings et al., 2001). Therefore Jennings et al. (2001) examined whether 
larger organisms decline in response to trawling, while smaller ones proliferate. This would imply 
both the slope and intercept of the size spectra to be positively correlated with trawling disturbance 
and total production of the community would have risen as the increased production of smaller 
animals exceeds the loss of production in depleted populations of larger animals. However, Jennings 
et al. (2001) have drawn the following conclusions from their North Sea- experiments where trawling 
is most likely to have been beam trawling: 
1. In the Silver Pit region (27-fold range in trawling disturbance), trawling led to significant 
decreases in infaunal biomass and production (see also above: meiofaunal effects). The 
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abundance of larger individuals was depleted more than smaller ones. The effects of trawling 
disturbance were not significant in the epifaunal community (Fig. 4-35). 
2. In the Hills region (10-fold range in trawling disturbance), there were no significant effects on 
biomass or production. 
 
Fig. 4-35- The relationship between trawling disturbance and (a) infaunal production, (b) infaunal P:B, (c) 
epifaunal production and (d) epifaunal P:B in the Silver Pit region (Modified from Jennings et al., 2001). 
The hypothesis of “farming the sea” could not be proven, on the contrary. For the infaunal 
invertebrates in the more heavily trawled and deeper regions, there was a reduction in the 
production of larger infaunal invertebrates. This was due to the differential loss of large individuals 
rather than the proliferation of smaller ones, leading to a total loss of production. Moreover, 
Jennings et al. (2001) conclude that the increase in small infaunal invertebrates is largely due to 
changes in primary production (mostly likely due to climate change) and not to trawling. As explained 
in the section of meiofaunal effects, this is in contrast with the findings of Hinz et al. (2008). An 
explanation for the non-significance of changes in epifaunal production was attributed to the fact 
that epifaunal mobility might have masked the potential detection of any effects as the spatial 
separation between sites was limited. 
Another investigation of the effects of trawling upon benthic secondary production was undertaken 
by a modeling exercise (Hiddink et al. 2006a, 2006b). A theoretical, size-based model was 
constructed, including habitat features. This model was validated by sampling 33 stations subject to a 
range of trawling intensities in four shallow, soft sediment areas in the North Sea. General 
conclusions (Hiddink et al., 2006b) were that both the model and the field data demonstrated that 
trawling reduced biomass, production and species richness. Hiddink et al. (2006a) have simulated the 
effects of closures of different sizes and in different locations. These could have both positive and 
negative effects, depending on the trade-off between recovery in the closed areas and additional 
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trawling effects in the open areas that arose from displaced fishing activity. The details of their 
findings indicate the following (Hiddink et al., 2006b): 
The effects of trawling were generally stronger on biomass than on production (Fig. 4-36). The model 
predictions showed that the impact of the first passage of a trawl has the greatest effect, while an 
increase of trawling effort on communities that were already heavily trawled had little additional 
effect on production or biomass for all habitats. The model demonstrated that there was an 
interaction between natural disturbance and fishing disturbance; in situations of high natural 
disturbance (erosion), biomass, production, and species richness were low irrespective of fishing 
disturbance. Consequently, additional fishing disturbance had a much smaller effect on the benthos 
in situations with a high than with a low natural disturbance. At the same level of natural disturbance 
and trawling intensity, benthic communities on mud and muddy sand were less affected by trawling 
than those on sand and gravel. For epifauna (2m beam trawl samples), there was a significant 
negative effect of trawling on biomass and production; for small infauna (box corer and Hamon grab 
samples), there was a significant negative effect of trawling on biomass. They found no effect of 
trawling on the biomass and production of infauna sampled using dredges, and no significant 
interactions between the area and trawling intensity for any of the three sampling methods (Table 
4-13). The comparison of the modeled results with the field data revealed that all correlations 
between the observed biomass in the North Sea and that predicted by the model were positive, 
except one. 8 out of 12 of these correlations were significant. Hiddink et al. (2006b) conclude that 
according to the model, benthic biomass in the Dutch and UK sector of the North Sea is currently 
56% lower than would be expected in the absence of bottom trawling. Benthic production in the 
Dutch and UK sector of the North Sea was 21% lower, consistent with a shift in the benthic 
community towards smaller individuals and species with higher P:B (Production to Biomass) ratios. 
Hiddink et al. (2006b) discussed the simplifications of their model, such as species with different 
vulnerabilities that fill each others’ niche, extinction of key species with important ecosystem 
functioning, etc. In conclusion, they state that this model helps to understand the spatial patterns 
and changes in production of benthic species according to trawling disturbance, which impacts the 
marine environment differently in different habitat types. A reduction of trawling can, according to 
Hiddink et al. (2006b), be achieved by redirecting trawling effort from vulnerable to more resilient 
habitats. Different management scenarios have been modeled and are presented in (Table 4-14 and 
Fig. 4-37). Because they measured the effects of only a small proportion of the international beam 
trawl fleet, the estimated status quo impacts of trawling in 2002 (18.4% reduction in biomass, 4.6% 
reduction in production, and 12.4% reduction in cells with no species loss relative to no trawling) 
were smaller than those that have been estimated when the effects of the international beam trawl 
fleet were considered in the same area (56% reduction in biomass and 21% reduction in production, 
Hiddink et al., 2006b). 
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Fig. 4-36- The relation among trawling intensity, production, biomass, and species richness of benthic 
communities on four sediment types as calculated by the model (Hiddink et al., 2006b). Production, biomass, 
and relative species richness are given for two levels of shear stress (Pa), two levels of erosion (cm), and four 
sediment types. Open circle, gravel; solid triangle, sand; open triangle, muddy sand; open square, mud. WW, 
wet weight. (modified from Hiddink et al., 2006) 
 
Table 4-13- Statistical parameters of the regression relationships among biomass, production, and trawling 
intensity (all log10-transformed) for four locations and three types of sampling gear for biomass, production, 
and species richness. (modified from Hiddink et al., 2006b) 
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Fig. 4-37 - The study area - Dutch and UK North Sea south of 56°N, indicated by the solid line. The map in the 
top right-hand corner shows the position of the studied area in northwestern Europe. Trawling effort (y-1) of 
UK beam trawlers in the study area was calculated from VMS records and is indicated by grey shading. 
Numbers in the top right-hand corner of each map indicate the scenario number, and cross-hatched 
rectangles were those closed to trawling in the different scenarios. (Modified from Hiddink et al., 2006a) 
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Table 4-14: Comparison of the effects of 11 management scenarios on biomass, production and species 
richness of benthic communities in the North Sea. Biomass and production are given as a percentage of 
biomass and production without trawling. For scenarios 1-7s, trawling effort in southern and central North 
Sea study area was standardized to 100% of pre-management levels. 
The key results from the analysis of Hiddink et al. (2006a) are (i) that area closures in areas where 
existing fishing effort is low will lead to less effort displacement and are more likely to benefit 
benthic communities than closures in areas where fishing effort was high, and (ii) that effort 
reductions resulting from days at sea restrictions and decommissioning schemes are likely to reduce 
the spatial footprint of fishing activity and to provide benefits for benthic communities. These results 
apply when habitat types are relatively homogeneous, but they may not apply among habitats when 
there is significant variability in habitat type. Hiddink et al (2006a) also remarks that their approach 
takes account of trawling history and the existing state of the benthic community, the long- and 
short-term effects of area closures can be different. For example, with scenario 4s, the short-term 
effect of the area closure is negative, with minimum benthic biomass after about 15 years, but after 
55 years the closure starts to have a net positive effect. This pattern suggests that previous trawling 
history should not be ignored when choosing closed areas. The pattern is also relevant because it 
implies that temporary or rotating area closures, which are unlikely to allow time for recovery and 
effectively lead to greater homogeneity of trawling disturbance (Dinmore et al., 2003 in Hiddink et 
al., 2006a) are likely to have a more negative effect on benthic communities than no closure. The 
results of their study also show that creating areas that are closed to fishing without reducing overall 
trawling effort may or may not have conservation benefits, depending on the areas closed. To 
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identify management solutions that are optimal/least costly for both the fishery and the ecosystem, 
areas that are most and least sensitive to trawling have to be identified. 
Quierós et al. (2006) conclude a negative impact of “chronic trawling” on the biomass and production 
of benthic communities in the muddy habitat, while no impact was identified on benthic 
communities from the sandy habitat. These differences are the result of differences in size structure 
within the two communities that occur in response to increasing trawling disturbance. Trawling 
intensity varied between 0.00 and 1.55 y−1 in the Dogger Bank, mostly fished by beam trawlers that 
target plaice (Rijnsdorp et al. (1998) in Quierós et al. (2006)) and between 0.10 and 3.53 y−1
Fig. 4-38
 in the 
Irish Sea, intensively exploited by otter trawlers that target the Norway lobster.   shows the 
variation in community biomass and production with trawling intensity and the silt-clay fraction in 
the two study areas (the Irish Sea and the Dogger Bank, North Sea). 
 
Fig. 4-38- Production estimates. (c) the relationship between production and trawling intensity; (d) the 
relationship production and the silt-clay fraction in the sediment. “IS”: Irish Sea; “DB”: Dogger Bank 
(Modified from Queirós et al. (2006). 
Reiss et al. (2009) have focused on the infaunal production of the Dutch beam trawlers in the 
Southern North Sea (German Bight), which comprised ~75% of the international trawl effort in the 
area. Reiss et al. (2009) concluded the following: 
For all the time periods considered, fishing intensity (≈fishing effort) of the spatial units ranged from 
a frequency of 0 to 4.4 times trawled yr–1. Within the entire German Bight region, 73% of 1 × 1 n mile 
spatial subunits were fished with an intensity lying between these lowest and highest values 
observed at the sampled stations. Only 2% of the German Bight region was more intensively fished 
than the most heavily fished station. Infaunal mean total biomass, secondary production and species 
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number decreased significantly with increasing fishing effort (Fig. 4-39). In terms of biomass, the 
duration of the fishing effort period considered made no difference to the result, but the effect of 
fishing intensity on secondary production and species number was apparent only for the short-term 
fishing effort period (Figure 5). Variations in fishing effort had no significant effect on mean total 
abundance, or on either of the diversity measures (the Shannon-Wiener and evenness index) that 
took species relative abundance into account. Despite the relatively homogeneous environmental 
characteristics for which the study area was selected, some covariance between fishing intensity and 
some environmental variables was apparent. This raises the possibility that the changes in the 
infaunal community that are related to fishing intensity in Figure 5 might instead have been caused 
by differences in sediment characteristics between the stations. This alternative explanation seems 
unlikely, however, considering the fact that no significant relationships were observed between 
infaunal biomass, production and species richness and any of the environmental variables examined. 
On the other hand, infaunal abundance was significantly negatively related to sediment mud and 
TOC content (Fig. 4-40). Separate analysis of the different size fractions revealed that fishing 
disturbance induced reduction in infaunal secondary production, mainly for the larger-sized animals 
in the community, i.e. those retained in the 4 mm sieve. Among the animals retained in the 1 mm 
sieve, there was an apparent positive effect of fishing intensity on production. The results by Reiss et 
al. (2009) suggest that even in areas that have been heavily fished for decades, infaunal benthic 
invertebrate communities may remain sensitive to increases in fishing intensity. Thus, although a 
baseline shift in benthic communities due to chronic fishing disturbance has probably occurred in 
some areas of the North Sea during the last century, both infaunal community structure and 
parameters such as production, biomass and species number were still affected by disturbance due 
to trawling. This finding contrasts with the assertion that increased trawling effort in already heavily 
trawled areas would have little (if any) additional impact on benthic communities (e.g. Hiddink et al. 
2006b), and may have important consequences for management. 
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Fig. 4-39 - Relationships between secondary production, biomass, species numbers, abundance and the 
different fishing effort regimes. Trend lines and 95% confidence limits are given for significant linear 
relationships (Modified from Reiss et al. (2009). 
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Fig. 4-40 - Relationships between secondary production, biomass, species numbers, abundance and selected 
environmental variables (mud content, total organic carbon content and C/N ratio). Trend lines and 95% 
confidence limits are given for significant linear Relationships (Modified from Reiss et al., 2009) 4.8.3.3.3 Effects on fish species 
All types of fishing gear affect the productivity of the fish community. The effects of fishing upon the 
production of fish species is assessed yearly by ICES. Currently the landings are foremost the baseline 
data for this assessment. Integration of fish discards (see above) in these estimates of productivity, 
biomass or stocks is discussed. In this section, the direct effects of fisheries on changes in fish 
production are not discussed. However, the focus is on the indirect effects of fisheries on changes in 
benthic production and consequently in changed fish populations. 
The most important target species for beam trawlers in the Southern North Sea are plaice and sole. 
Rijnsdorp and Vingerhoed (2001) have investigated their feeding behaviour in relation to beam 
trawling. The diet of plaice and sole comprises mainly short-lived, highly productive benthic 
organisms (infauna, polychaetes…). Rijnsdorp and Vingerhoed (2001) could not find a difference 
between the diets of fish sampled at grounds with different trawling intensities. The comparison of 
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the present-day diet and the diet at the beginning of the 20th century however, suggested that the 
preponderance of polychaetes has increased and that of bivalves decreased. These results confirm 
the hypothesis that beam trawling has improved the feeding conditions for the two flatfish species 
by enhancing the abundance of small opportunistic benthic species such as polychaetes in the heavily 
trawled areas. However, the changes in diet may also be related to eutrophication and pollution. 
However, Rijnsdorp et al. (2004) also examined the changes in productivity of the Southeastern 
North Sea as a reflection of the growth of plaice and sole. In this sense, they concluded that flatfish 
productivity has decreased over the last two decades, possibly in relation to a decrease in the inflow 
of nutrients and an overall change in the North Sea ecosystem. Other factors than trawling are 
therefore confounding the changes in productivity of flatfishes. 
Another recent investigation by Van Keeken et al. (2007) also suggested that beam trawling alters 
the food availability for flatfishes, namely plaice, and therefore supports the hypothesis that trawling 
increases the productivity. Van Keeken et al. (2007) describe this as follows: To protect the main 
nursery area of plaice, an area called the ‘Plaice Box’ was closed to trawl fisheries with large vessels 
in 1989, with the expectation that recruitment, yield and spawning stock biomass would increase. 
However, since then the plaice population has declined and the rate of discarding outside the Plaice 
Box has increased, suggesting an offshore shift in spatial distribution of juvenile plaice. An offshore 
shift in the distribution of young plaice occurred in the 1990s most likely in response to higher water 
temperatures that may have exceeded the maximum tolerance range or increased the food 
requirements above the available food resources. A decrease in competition with larger plaice 
offshore, possibly in combination with increased inshore predation by cormorants and seals, may 
also have played a role. Van Keeken et al. (2007) have thus mentioned that an increased benthic 
production might be important in fish productivity. 
Hiddink et al. (2008) examined the effect of benthic productivity upon fish productivity in more detail 
for the Plaice Box. The diet of plaice was dominated by several species of infaunal polychaetes, and 
small plaice ingested especially the smaller prey than larger plaice. This outcome was related with 
their model predictions. The model showed that the total production of the whole benthic 
community was at its highest without trawling, but the production of animals <0.5g peaked at 
trawling frequencies of 0.25 year-1
Fig. 4-41
. The production of small (<500mg) soft- and hard-bodied 
invertebrates reacted differently to trawling disturbance ( ).  
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Fig. 4-41 - (a) Box and whisker plot of trawling frequency (international effort 2000–2004) in the plaice box 
and the reference area. The boundaries of the boxes indicate the 25th and the 75th percentiles, the line 
within the box marks the median, and the whiskers indicate the 90th and 10th percentiles. Outlying points 
are plotted as individual points; outliers over 10 are not shown. The median for the plaice box is 0. (b) The 
average modelled relationship between trawling frequency and benthic production in the plaice box. (c) The 
average modelled relationship between trawling frequency and benthic production in the reference area in 
the southeastern North Sea. (Modified from Hiddink et al., 2008). 
The production of hard-bodied invertebrates decreased strongly with trawling to virtually nothing at 
a trawling frequency of 0.5 year–1. Production of soft-bodied invertebrates was low at very low 
trawling frequencies, but increased to a maximum at trawling frequencies of 0.5-1 year–1 and 
decreased slowly with further increasing trawling frequencies. Without going into details in this 
paragraph, Hiddink et al. (2008) concluded that the total benthic production was higher in the plaice 
box, while production of small, soft-bodied benthic invertebrates was higher outside the box. Hiddink 
et al. (2008) supports the hypothesis that the reduction of fishing effort in the plaice box has led to a 
decrease in bottom disturbance and may lead to a concordant reduction of the production of flatfish 
food in the plaice box. Decreasing trawling disturbance favours large, inedible (for plaice), benthic 
invertebrates over small, edible invertebrates. As a result of this indirect effect, production of small, 
soft-bodied invertebrates (and food availability for plaice) is predicted to be higher outside the plaice 
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box. These model results thus provide support for the idea that disturbing the seabed with bottom 
trawls may increase food production for fish species that feed on small invertebrates. Hiddink et al. 
(2008) illustrate that closed areas may not be a suitable management measure to protect juvenile 
plaice, but does not suggest that bottom trawling has a net positive effect on this species, the 
ecosystem, or the exploitation in general. The net effect of bottom trawling disturbance on plaice 
populations depends on the balance between the positive effect on food supply of juvenile plaice 
versus the negative effect of increased juvenile bycatch mortality. Even though bottom disturbance 
by trawling may improve feeding conditions for plaice, bottom trawling can have undesirable effects 
on the ecosystem and other commercial fisheries (e.g., on fish species that feed on large 
invertebrates, such as Atlantic cod ). Over time, there seems to have been a shift in the Southeastern 
North Sea from fish that eat large benthic invertebrates (such as Atlantic cod and rays) to ones that 
eat small worms (such as plaice, dab (Limanda limanda), and common sole (Solea solea)). 
Reiss et al. (2008) found that higher intensities of trawling were related to lower levels of production 
of the larger infauna that are likely to be predated by adult flatfish (4 mm sieve fraction), while there 
was no significant relationship of production with fishing intensity for the smallest size fraction (likely 
to be predated on by juvenile flatfish), although an increasing trend occurred. Especially for r-
selected species, such as Phoronis muelleri and the polychaetes Owenia fusiformis and Lagis koreni, 
the highest abundances were found in the heavily trawled areas. Nevertheless, the most affected 
and abundant species P. muelleri, is not at all used as a food source by benthivorous fish due to their 
chemical defence mechanisms against predators (Larson & Stachowicz (2009) in Reiss et al. (2008), S. 
Schückel unpubl. Data in Reiss et al. (2008)). Thus, their results do not confirm the hypothesis that 
intensive trawling may directly lead to an increase in the production of food for commercial species 
such as flatfish; however, the range of trawling intensity covered in our study did not extend to levels 
as low as those recorded in for instance the Plaice Box. 
It is clear that trawling influences the productivity of fish species in a positive or negative way, 
depending on a range of factors such as fishing effort, community structure (large or small 
invertebrates), the diet of fish species, etc. Changes in the use of certain fishing gears with other 
effect on the benthos, changes in the level of fishing effort and changes in the spatio-temporal 
distribution of fishing should therefore be well deliberated. 
4.8.3.4 Productivity by fishing methods 
There are different aspects of productivity. Different fishing methods affect the different spatial units 
of the ecosystem in different ways. Direct measurements of changes in productivity in specific 
habitats exist (see above for the individual studies), but they cannot be easily expanded to generic 
conclusions. The same idea account for fishing gears. The effects on productivity are studied by the 
different levels of fishing effort of beam trawls and/or otter trawls. Those fishing methods are most 
easily studied due to its wide-spread use. The effects of other fishing methods are difficult to predict 
as their use is not fully covering a certain region. For evaluation purposes and discrimination 
between different gears in different habitats, it is crucial to investigate the following issues of which 
descriptions are detailed elsewhere: 
- Physical disturbance, including nutrient fluxes and potential impact on the primary 
productivity.  
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o Fishing techniques such as otter trawls and by extension twin trawls, are differently 
rigged and depending on those characteristics, their impacts on the seafloor are 
different (e.g. (Durrieu de Madron et al., 2005)).  
o The impact is also different according to habitats, which are still limitedly studied. 
Generalization of study results to other habitats might be plausible, if the community 
structure and the sediment is taken into account (e.g. free-living organisms in a 
sandy habitat), although very different results can be expected in areas where the 
habitat complexity increases or in areas where there has not been any fishing activity 
before. In these areas, massive changes in production processes and trophic 
structure can be expected. 
- Changes in densities, i.e. tow path mortality and consequently, changes community structure 
(which species, which size ranges, etc). 
The effects on benthic species (incl. meio-, macro- and megafauna) and communities (e.g. in 
biogenic habitats, structured by bioturbators) is related to the different gears, which result in 
a different productivity and to the different vulnerabilities of the species that constitute a 
community (e.g. Cartes et al. (2009)). 
- Identification of key species and their ecosystem function (e.g. Can this species be 
substituted by other species or is it paramount in the well-functioning of the system?).  
Hereby are local fishing intensities and local differences in ecosystem structure essential, such as the 
habitat characteristics, community differences, etc. Moreover, the investigation of the effects of a 
fishery upon a certain ecosystem component must coincide with the spatial scale at which the 
component acts. 
4.8.4 Recovery and long-term impacts 
4.8.4.1 Introduction 
Ecosystem effects are in a first instance always assessed on a local, short-term scale and generally in 
a direct sense. Effects are then split up into the structural ecosystem components such as fish, 
benthic invertebrates, habitats, etc. and the functional aspects of an ecosystem attribute, e.g. 
boulders on the seabed (= ecosystem attribute) increase habitat complexity (=functionality) and 
therefore provide shelter and increase the local species diversity. However, the ecological pillar of 
sustainability must also be regarded on a different, longer timescale or even within a relatively short 
time scale of typically 5 to 20 years, wherein the ability of the ecosystem to withstand fishing 
disturbance is looked upon, and especially fishing disturbance of a certain kind (beam trawling, fly-
shooting, etc). This implies additional mortality is inherent to fishing, i.e. mortality additional to the 
mortality of the target commercial species is nearly unavoidable. A crucial concept is therefore the 
consideration of long-term impacts of fisheries on those non-target ecosystem attributes and the 
ability of an ecosystem to recover from disturbances within a reasonable time frame. A certain 
pressure, e.g. fishing disturbance, can be acceptable as long as “sustainability” is met. This fishing 
pressure depends on the effects of the disturbance type, e.g. different types of gears, as well as the 
level of pressure, in case of fisheries where the fishing effort for a certain gear is an internationally 
accepted measure. And finally, acceptable fishing pressure also depends on the resilience of the 
ecosystem itself. Resilience is herein defined by Hughes et al. (2005) as: “the extent to which 
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ecosystems can absorb recurrent natural and human perturbations and continue to regenerate 
without slowly degrading or unexpectedly flipping into alternate states”. 
Direct, short-term impacts are assessed in the chapters above. In this chapter, the focus is upon the 
implications of those short-term direct effects, i.e. upon the concept of “recovery”. The core 
investigation of this chapter should be the application of the “recovery” concept on the North Sea 
ecosystem and the fishing gears in focus of this document. However, as scientific understanding of 
short-term effects is not fully understood, so are the predictions about recovery. Therefore, two 
parts can be discriminated in this chapter: (1) a conceptual framework which links recovery with 
fishing pressure (ICES, 2010) and (2) linkages between long-term effects and fishing pressures of 
different fishing methods in the North Sea ecosystem. The first part is essential for the estimation of 
how large a fishing pressure for a certain gear can be in a certain ecosystem/habitat. However, this 
type of deductive reasoning needs a whole lot of premises to be validated and therefore much 
progress is still to be made. Its application to the North Sea ecosystem is not within the scope of this 
document, although some examples will illustrate its meaning. The value of this framework must be 
understood as an illustration of the concepts which are still poorly illustrated with quantitative data, 
but which are indispensible if the management of the North Sea ecosystem is to be ecologically 
sustainable. The second part of this chapter approaches recovery indirectly and is based on a more 
empiric approach. The complexity here is that it is very hard to establish direct cause and 
consequence linkages between the evolution of the ecosystem and fishing as a multiple range of 
factors is generally influencing the system into sometimes contrasting ways. 
4.8.4.2 A framework to link recovery and fishing pressure (based on ICES, 2010) 
The term “Recovery” covers many aspects and is not clearly defined or is at least interpreted 
differently in several policy documents and scientific papers in the context of the marine ecosystems 
(e.g. WGECO-report 2009). WGECO defines the concept as follows: 
WGECO recently created a conceptual framework to examine the relationship between recovery and 
perturbation, caused by for instance fishing pressure of a certain fishing gear. They state that when 
setting reference levels that should reflect the policy objective “sustainable use”, it is necessary to 
apply a line of consistent ecological reasoning about what level of alternation of the attributes being 
measured by the indicator is not sustainable, and set the reference level to avoid that level of 
alteration. Evaluation of the degree to which perturbations are sustainable always have to consider 
at least two factors: the degree to which recovery of ecosystem attribute from the perturbation is 
rapid and secure, and the degree to which functions served by the ecosystem attribute and 
ecosystem processes in which the attribute plays a key role are altered (e.g. long-term effects of 
fishing in the North Sea: chapter below). “Rapid” is always interpreted relative to the life history 
parameters of the population of concern; rapid for a small pelagic is not the same rapid for a large 
cetacean. “Secure” is interpreted relative to the likelihood that recovery would start immediately 
when the pressures causing the mortality reduced, and that in its current status, the population is 
“A population or higher level ecosystem property is considered recovered if the necessary pieces for 
‘normal’ structure and function are present, even if some species historically observed are no more 
present or have modified abundance, biomass or age composition; this recovered state is not likely 
to be impaired by perturbations within the normal range of environmental variability and 
sustainable use, and can be attained and maintained without any special management measures” 
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not at increased risk of major further losses due to stochastic factors and likely scales of natural 
pressures. 
The concept of recovery is in its most simple case applied to single species populations (e.g. Dickey-
Collas et al., 2010). Although WGECO put forward one single definition for recovery, the terminology 
for its application to single species populations comes across several, other definitions. Sometimes it 
is used in a sense that after a decline, any increase in population size could be interpreted as some 
sort of recovery, for example for overfish fish stocks (Hutchings, 2000). Other sources, however, may 
stress that even substantial improvements in the status of badly depleted stocks should not be 
called, “recovery”, but at most it should be stated that progress towards recovery has been made 
(DFO, 2009). For some (but not all) fish stocks distinct thresholds (like Blim or Bpa) are used as 
reference levels or thresholds, for management action. These become de facto benchmarks for 
recovery, to the extent that rebuilding plans for stocks below these reference levels often use Bpa
 
 as 
the target for rebuilding. Recently, stock recovery is increasingly recognized as not being synonymous 
with stock rebuilding. The term recovery tends to be used relatively indiscriminately and often simply 
denotes recovery of bulk biomass, i.e., stock tonnage. On the other hand, rebuilding should be 
regarded as a more complex goal to achieve, aiming to reconstitute a previously evident age-
structure which has been truncated by excessive fishing pressure, modified behavioural traits, 
changed structure of the stock’s gene pool and evolutionary mechanisms. The ICES stock 
assessments can be referred to as one is to assess the recovery potential of a single commercial fish 
population in relation to its biomass and fishing effort. For marine mammals, ASCOBANS has adopted 
an interim goal of restoring the population of harbor porpoises in the Baltic Sea to at least 90% of its 
carrying capacity (ASCOBANS, 2009). The capacity to recover for an individual population is almost 
always evaluated by taking some measure of the population’s ability to produce recruits. In fish stock 
assessments this has traditionally been done by looking at how recruitment has varied with mature 
biomass. However, any measure of population status and any measure of the ability of the 
population to replace itself can be used as independent and dependent variables (the “x- and y-
axes”, respectively).  
Fig. 4-42 - Schematic of the five conceptual types of relationship between productivity, resilience/recovery, 
or functional significance of the ecosystem feature and the amount of the ecosystem feature. The additional 
stars show the general position of rate of change in the dependence of the y-axis factor on the x-axis factor 
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in these types of functional relationship (Modified from Rice (2009). 
 
The next step is to seek the functional relationship and to find some point (inflection point) in the 
relationship that can serve as a consistent standard for identifying the position on the population 
indicator below which its ability to replace itself is at risk of being impaired. An example is presented 
in Rice (2009), where the concept has been explained more profoundly (Fig. 4-42). 
The concept can be applied to all ecosystem attributes with a capacity to recover from perturbations, 
to estimate the level of the indicator below which replacement likelihood or ability is impaired one 
needs an ecological rationale for why the “x-axis” indicator reflects the status of the ecological 
attribute of concern and why the “y-axis” indicator reflects the potential of that ecological attribute 
to increase. Next to the indicators of ecosystem attributes that have the capacity to recover from 
perturbation, there are also ecosystem attributes that have no capacity to recover from 
perturbations. Reference levels for sustainable impact have to be set based on impairment of the 
functions served by those attributes. A clear example is the three-dimensional structure of a seabed 
habitat or the amount of gravel, which may not have a capacity to recover from damage or removal. 
These impacts must be measured by the alteration in the functions that those 3D-habitat structures 
play. How this item is addressed is clearly shown in the WGECO-report (ICES, 2010). 
However, the actual question in management (and of the ICES-WGECO framework) is not only about 
the current state of the ecosystem and how this relates to its recovery. The framework is designed to 
estimate reference levels for state indicators; whether the state of populations, communities or 
habitats. Because the first-order policy and management questions are likely to be about what level 
of a pressure is sustainable, it is essential that pressures be integrated into this framework for setting 
reference levels. Therefore, one needs some knowledge of which ecosystem attributes will be 
impacted by a fishing pressures (e.g. beam trawling, modified beam trawling, fly-shooting, etc) and 
also of how the impact on the ecosystem attribute varies with the intensity of the pressure.  Then 
one must go through the process for population and community indicators of determining if there is 
some ecological basis for setting a reference level of the population or community indicator, based 
on its ability to recover and/or the functions it serves in the ecosystem. Once a reference level is 
identified (and justified) the mapping onto the level of the pressure associated with that level of 
ecosystem attribute is direct. WGECO demonstrates the use of their framework for instance for 
populations with the following example: 
Seabirds have frequently been used as indicators of the state of the marine food webs that support 
them (Furness and Greenwood, 1993; Monaghan et al., 1989; Harris and Wanless, 1990; Furness and 
Camphuysen, 1997). In the northwestern North Sea, breeding kittiwakes Rissa tridactyla feed 
primarily on, and provision their chicks with, sandeels Ammodytes marinus (Harris and Wanless, 
1997; Furness and Tasker, 2000; Lewis et al. 2001).  Approximately 40km offshore of an important 
kittiwake colony, the Isle of May in the Firth of Forth, lies a complex of sandbanks, most notably the 
Wee Bankie, where a major sandeel fishery started in 1990. The fishery peaked during the early 
1990s before being closed in 2000 following concern over the impact of the fishery on sandeel 
supplies to marine top predators. In this example, the perturbation is the level of sandeel landings 
and chick production is a direct measure of the capacity of the kittiwake colony to recover.  Kittiwake 
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breeding success was significantly (R2 Fig. 
4-43
=0.293, P<0.01) negatively related to the sandeel landings (
). 
 
Fig. 4-43- Relationship between kittiwake breeding success and sandeel landings (modified from WGECO, 
2010) 
The application of the concept of recovery and its relation with perturbation can also be applied 
above the level of single populations. Examples are given in the WGECO-report. The main conclusion 
of this framework is that recovery is a key concept in the evaluation of long-term effects of fishing. 
However, it is quite harsh to apply the concept to all populations of all ecosystem components, 
including other ecosystem attributes and attributes which cannot replace themselves but do serve an 
important ecological function. However, evaluation of the relationship of a fishing pressure with 
recovery and capacity to recover will contribute to our understanding of how a pressure is to be 
managed sustainably. 
4.8.4.3 Long-term effects of fishing in the North Sea 
Short-term direct effects of demersal fishing have been clearly identified on the densities of benthos, 
physical habitats, benthic productivity, fish populations, etc (see above). Long-term impacts however 
have not. Two main problems occur in evaluating long-term effects of bottom fisheries on benthic 
and by enlargement the total ecosystem. Those are that: (1) current experimental work refers to 
short-term effects because of the lack of appropriate experimental reference areas; and (2) 
consistent long-term series on the abundance of non-commercial species are scarce (Rumohr and 
Kujawski, (2000)).  
(1) Experimental attempts to study long-term effects, including recovery and resilience of the 
ecosystem, should include the use of large, homogeneous, and permanent non-fished areas. 
These are not available in the heavily exploited Southern North Sea (Duineveld et al. (2007)).  
Bergman et al. (1998 in Duinveld et al., 2007) and Craeymeersch et al. (2000 in Duinveld et 
al., 2007) also stated earlier that “attempts to correlate patterns in fishing effort and benthos 
to distinguish long-term impacts from experimental work have been largely unsuccessful, 
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because strong natural gradients exist in the Southern North Sea that govern distributions of 
benthos and fish, and hence fishing effort”. The same holds true for other marine 
ecosystems in the North-East Atlantic, e.g. the Irish Sea ((Ball et al., 2000). However, some 
recent studies have investigated long-term effects through the use of sampling around 
wrecks, offshore installations (oil platforms) or other fishery exclusion zones which act as 
unfished pseudo-control sites (e.g. Ball et al., 2000; Bergman et al., 2007). These studies 
point out what long-term effects might include for benthic invertebrates (which can be 
studied in a rather small-scale experiments). For ecosystem components such as marine 
mammals or seabirds, such experimental areas cannot be identified in the North Sea. 
(2) Another method to evaluate long-term impacts includes long-term data series. This method 
is utile especially for commercial fish species. For commercial fish species, long-term data 
series might be reconstructed from commercial landings. However, caution is recommended 
as the historic information is generally correlated to the occurrence of fishing. Callaway et al. 
(2007) (Fig. 4-47) illustrate with landings data that a sustained high trawling activity in the 
North Sea is taking place already since a century ago. The limited number of long-term data 
series can be used to evaluate the effects of fishing on benthic invertebrates, fish and the 
entire marine ecosystem. For the benthic communities, the effects of fishing can be 
approached from classic benthic time series analysis, modeling and comparison of historic 
(mostly qualitative or semi-quantitative) records of an ecosystem component and fishing 
(Frid et al., 2001). Mostly, no quantitative historical benthic data are available for the period 
prior to fishing, although qualitative data exist.  
Our review considers the arguments from scientific literature of benthic ecologists, fish biologists, 
etc. according to experimental data or evaluation of long-term data series. This way, a light is shed 
onto the limited knowledge about long term effects of fishing. Implications for recovery from 
disturbance of a certain fishery or for the resilience of a certain ecosystem, should be deducted from 
those general conclusions. Obviously a harsh discrimination between the long-term effect of beam 
trawling, otter/twin trawling, fly-shooting and technically modified fishing gears is not possible, nor 
can straightforward conclusions about resilience of different spatial distinct ecological regions. The 
elucidation of the current understanding of the long-term effects and a coupling with short-term 
effects (see above) might point management in a certain direction. 
One of the long-term data series that have been collected for benthic invertebrates are focusing on 
the Western North Sea (Frid et al., 1999; Frid et al., 2000; Frid, 2001).  
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Fig. 4-44 - Locations of the ICES statistical rectangles used: 1. 35F1 – Dowsing Shoal; 2. 36F1 – Great Silver Pit; 
3. 38F2 – Dogger Bank; 4. 40F4 – Inner Shoal; and 5. 41F5 – Fisher Bank (Modified from Frid et al., 2000). 
Frid et al. (2000) clearly introduces the issue of detecting changes in the benthic communities in the 
long-term. The authors state that further evidence is required to whether anthropogenic influences, 
as opposed to natural or cyclical events affecting the benthos, are responsible for any changes. This is 
albeit the proposal of several causes for these long-term changes, such as the impacts of towed 
fishing gears, effects of climatic and salinity fluctuations, eutrophication, and changes in zooplankton 
abundances. Although Frid et al. (2000) acknowledges fishing activity exists for many centuries (e.g. 
Desse and Desse-Berset, 1993; Barrett et al., 2004), but stresses that fishing intensity increased since 
the early 1900s1
Fig. 4-44
 by the introduction of improvements in both fishing vessels and trawling gears. 
Their study area includes 5 fishing grounds ( ). 
 
 
Table 4-15: The significance of changes in abundance (Kruskall– Wallis) between the 1920s and 1986–1993 
for taxa considered a priori to be sensitive to fishing or opportunistic in behavior (Bray-Curtis) in three ICES 
rectangles (see Figure 15 for legend) (Modified from Frid et al., 2000) 
                                                          
1 Other sources (Barrett et al., 2004) suggest from historical ecological research, that zooarchaeological 
evidence shows that the clearest changes in marine fishing in England between AD 600 and 1600 occurred 
rapidly around AD 1000 and involved large increases in catches of herring and cod. 
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In two of these (Dogger Bank and Inner Shoal), there was no significant difference in community 
composition between the early 1920s and late 1980s. In the remaining three areas (Dowsing Shoal, 
Great Silver Pit, and Fisher Bank) significant differences were observed. 
However, these were the result of changes in abundance of many taxa rather than large-scale losses 
of sensitive organisms.  Frid et al. (2000) draws this conclusion from the following result: Five taxa 
were considered a priori to be sensitive to fishing impacts. These were burrowing echinoderms, slow-
growing bivalves (Arctica), and structure-building species (sea pens and Sabella). In only three out of 
the 13 valid comparisons did they show a significant change in abundance over time, and in each 
case they increased in abundance. Of the two opportunistic taxa (the polychaetes Capitella and 
Notomastus), there was a significant increase in both taxa on the Fisher Bank, no significant change 
in either species in the Great Silver Pit, and a significant increase in Capitella at Dowsing Shoal (Table 
4-15). The authors suggest that the results are due to fisheries, as the lack of detection of fishery-
induced changes at the Dogger Bank and Inner Shoal could have occurred prior to the 1920s. Hard 
evidence is absent due to missing control areas and fishing intensity data (at that time). However, the 
long-term changes of the benthos are mostly likely prone to fishing impacts, as the timing coincides 
with the mechanization of the fishing fleet and as the prevalence of the changes rules out other 
explanations such as climatic variation and eutrophication (Kröncke (1990) in Frid et al. (2000).  
 
Fig. 4-45 – The Northumberland benthic time-series: (a) macrofaunal abundance (ind.m-2) at the unfished 
Station M1 and CPR phytoplankton index, (b) macrofaunal abundance (ind.m-2) at the fishged Station P and 
fishing effort (swept area) in ICES statistical rectangle 39E8. (Modified from Frid et al., 1999). 
Frid et al. (1999; 2001) clarify the fishing effects for two benthic stations, off the Northumberland 
coast, NE England. One is at 80m and the other at 55m depth. The 80m station is located within a 
Nephrops norvegicus fishing ground (otter trawling ground), while the 55m station is located outside 
of the main fished area. Frid et al. (1999; 2001) demonstrated that changes in macrofaunal 
abundance at the station outside the fishing ground reflected changes in organic input. An earlier 
study by Buchanan (1993 in Frid et al., 1999; 2000) confirms that benthic productivity was controlled 
by organic matter input.  This was also the case at the fished station, at least in the years prior to 
1986. From 1986 until 1990 there was an increase in fishing effort. During this period of highest 
fishing activity the relationship between organic matter and benthic productivity broke down. This 
suggests that the dynamics of the macrobenthos at this station were influenced by fishing activity 
(Fig. 4-45). Fishing is thus responsible for a decline in benthic productivity at station P (Fig. 4-45b) and 
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large-scale year-to-year changes in community structure (Frid et al., 2001). This decrease in benthic 
productivity is in line with the conclusions above (this report). 
Philippart (1998) assessed long-term impact of bottom trawl fisheries in the south-eastern North Sea. 
Data originated from deliveries of commercial fishermen to the Zoological Station in the Netherlands 
in the periods 1946-1955, 1956-1965, 1966-1975 and 1976-1985. The main conclusion focused on 
catch efficiency. Otter trawlers caught relatively more fish than invertebrates, whilst beam trawlers 
caught proportionally more invertebrate species (i.e. velvet swimming crab, slender spindle shell) 
that were rarely delivered during periods of greatest otter trawling effort (Philippart, 1998). On 
average, the catch efficiency of the beam trawl fleet appeared to be 10 times higher than that of the 
otter trawl fleet. The long-term effects are discussed for elasmobranchs, greater weever (Trachinus 
draco) and whelks (Buccinum undatum). A relationship with fisheries is hypothesized, although not 
confirmed. During the past century, elasmobranchs and the greater weever generally disappeared 
from the coastal waters along the continent (Rijnsdorp et al., 1996 in Philippart, 1998). In addition to 
this decline, the average length of thornback ray (Raja clavata) also decreased (Walker and Heessen, 
1996 in Philippart, 1998) which indicates overexploitation by fisheries (Myers et al., 1996 in 
Philippart, 1998). This sharp decline of the greater weever is considered to be either an effect of the 
severe winter of 1962/1963 and/or the introduction of beam trawlers in 1960 (Nijssen and de Groot, 
1987 in Philippart, 1998; Rijnsdorp et al., 1996 in Philippart, 1998). The results of the model suggest 
that the observed long-term trend for this species could also be attributed to high fishing mortality 
associated with otter trawling. From the mid-1920s onwards, the common whelk started to decline 
and has now completely disappeared from the Dutch Wadden Sea. The disappearance is thought to 
be caused by fisheries followed by reproduction failures due to tributyltin-based (TBT) antifouling 
paints that came into use from the early 1970s onwards (ten Hallers-Tjabbes et al., 1994 in Philippart, 
1998; Cadée et al., 1995 in Philippart, 1998). 
 
Fig. 4-46 - Number of species in the selected area for the six major taxa. (Modified from Rumohr and 
Kujawski, 2000) 
Another interesting long-term data series covers the North Sea ecosystem as a whole. This data 
series is discussed in Rumohr and Kujawski (2000) and Callaway et al. (2007). The database used by 
both papers is described in Stein et al. (1990 ). Only North Sea epibenthos data are available. They 
date from 1902 to 1912 and were made available from preserved material at the Zoological Museum 
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of Kiel. For details about the history of the surveys, preserved museum specimens, and construction 
of the database see Stein et al. (1990), Rumohr & Kujawski (2000) and Callaway et al. (2007).  
Rumohr and Kujawski (2000) detail the changes in numbers of different faunal groups, whereas 
Callaway et al. (2007) compare these results with the changes of fishing effort over three survey 
periods. Rumohr and Kujawski (2000) reveal some distinct changes between the early twentieth 
century benthos and the sampling from the eighties: among the bivalves, eleven species were not 
reported in 1986, and three species seem to be new. Among the decapoda, four were not reported in 
1986 and eight new species had appeared. In general, species observed only in one data set occurred 
on fewer than 15% of the stations, apart from some exceptions. Statistical data analysis revealed that 
the stations in the early and “late” twentieth century differ significantly in species composition. 
Details are presented in Fig. 4-46. For further details, we refer to Rumohr and Kujawski (2000), as 
actual links with fisheries have not been discussed in that paper. 
Callaway et al. (2007) related the changes in benthic abundances of 1902-1912, 1982-1985 and 2000 
with the knowledge about trawling in these periods. Given the complications with data on effort per 
se, their paper uses, as a proxy for total international bottom fishing effort in the North Sea, the total 
international landings by fishing region (northern, central and southern) for the 3 main roundfish and 
4 flatfish species as listed in official fisheries statistics. A full description of how their database is 
handled is crucial for further data analysis, and can be found in their paper. We limit ourselves to a 
review of their main conclusions and a description of the response variables used. Because of 
different sampling methods, common benthic indices could not be reasonably calculated. Two 
uncommon, but sensible (i.e. independent from sampling effort) indices have yielded interesting 
results, namely biogeography and taxonomic distinctness. The first relates to the spatial presence of 
a species, i.e. the number of rectangles where the occurrence of a species at least doubled or halved. 
The latter is calculated from information on presence or absence of taxa as well and is the mean 
taxonomic path length through the taxonomic tree connecting every pair of species in a list. It is a 
measure of the average degree to which individuals in an assemblage are related to each other.  
Interestingly, the landings as proxy of fishing effort in northern, central and southern North Sea are 
presented in Fig. 4-47. Roundfish landings per unit area showed long-term fluctuations but were 
generally similar in the 3 divisions, with highest roundfish abundance in the northen and lowest in 
the southern North Sea. In absolute numbers, landings were highest in 1969 and 1970, after the 
“gadoid outburst”. From the mid-1980 landings declined to current levels. Roundfish landings 
suggest that during the earlier years of the century, roundfish otter trawling was less intensive in the 
northern North Sea but increased with vessel improvements. Flatfish landings per unit area were far 
higher in the southern and central North Sea than in the north. In absolute numbers, landings from 
1945 and 1960 were considerably higher than before. A second increase occurred in the 1960s, 
denoting a period of landings, 2 to 3 times higher as to pre-war levels. They declined during the last 
decade of the twentieth century. An important notice is that flatfish landings per unit area were 
already of a magnitude similar to that of the 1990s in the southern North Sea. In the central North 
Sea those were lower in 1906-1912 but became 3 to 4 times higher in the second half of the century. 
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Fig. 4-47 - Long-term changes in landings per area of (a) roundfish and (b) flatfish for the northern, central 
and southern North Sea throughout the 20th century (no data by ICES division for 1913 to 1946) (Modified 
from Callaway et al., 2007) 
The spatial presence of epibenthos in the North Sea could be analyzed for 48 species, occurring in 
each of the 3 surveys conducted. From the beginning to the end of the 20th
Table 4-16
 century, biogeographical 
changes were found for 27 epibenthic taxa ( ). Callaway et al. (2007) conclude that most of 
the changes in biogeography of individual species had happened by the 1980s and the presence of 
only a few species declined or increased in the study rectangles between 1982-1985 and 2000. Four 
species declined in spatial presence in the central and southern North Sea. Increases, on the other 
hand, were about equal in both areas (11 in the central southern area, 13 in the north).  
The index of taxonomic distinctness does not put forward clear conclusions. It suggests that there 
may be a link between beam trawling and a diminishing taxonomic diversity, although the data of 
Callaway et al. (2007) do not provide enough evidence to substantiate the hypothesis. The mean 
average taxonomic distinctness was significantly lower in 2000 than in the 1980s, but not lower than 
at the beginning of the 20th
Evidence from Callaway et al. (2007) suggests that fishing is the most probable cause for the changes 
in benthos, because of (1) the nature of the species suffering from declining presence, (2) the area in 
which most reductions were recorded, (3) the timing of changes in the benthos. Details about species 
and the effects of gears are not listed here, as they are also discussed in the review of Duineveld et 
al. (2007) (see below). Generally trawling removes large-bodied fauna, damages species with fragile 
shells and removes and injures long-living bivalves. Small, robust species as the sea urchin appear to 
survive the impact of fishing gear better. However, as also denoted by Duineveld et al. (2007) below, 
 century. This indicates a change in community characteristics in the last 2 
decades of the century, while at the same time it signals long-term persistence in terms of epibenthic 
taxonomic diversity. Generally the use of taxonomic distinctness indices for epibenthos studies in the 
North Sea seems limited and can only be one facet of a more complex analysis. 
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reproductive turnover or increased food availability might outweigh the fishery-induced mortality 
rates. 
The conclusions of Callaway et al. (2007) are highly relevant for inducing implications of resilience of 
the current North Sea benthic ecosystem and are therefore integrally repeated here: 
 
“Over the century, the biogeography of many epibenthic species changed, with species’ presence 
variously spreading and declining in the different areas. Reductions in spatial presence occurred 
especially in the central and southern North Sea, where beam trawl effort has been highest. The 
affected species are known to be sensitive to damage by fishing gear. Conversely, the benthic 
species expanding their distribution over the last century are relatively tolerant to fishing gear or 
likely to benefit from reduced competition by other species and high numbers of damaged species 
suitable as prey. Overall, the most profound changes in the epibenthos appear to have taken place 
before the 1980s; since then there has been further change, but the communities of recent decades 
probably reflect faunal assemblages adapted to long-term impacts. Climate change, eutrophication 
and other factors are highly likely to have contributed to the observed changes. The nature of the 
changes, however, indicates that to a considerable extent, and especially in the central and 
southern North Sea, long-term changes in epibenthos can be linked to a century of sustained, high 
trawling effort.”  
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Table 4-16: Trends in spatial presence. A total of 40 ICES rectangles were sampled in each of the 3 surveys 
(Survey 1: 1902–1912; Survey 2: 1982–1985; Survey 3: 2000), values are the number of ICES rectangles in 
which the species were recorded. Area IV: entire North Sea; area IVa,b,c: northern, central, and southern 
North Sea, respectively (Modified from Callaway et al., 2007) 
 
 
Duineveld et al. (2007) used a different approach and predicted the long-term effects of beam 
trawling by comparison of a fished and an unfished site near the Frisian front in the Southern North 
Sea. Recovery and resilience of the site are not treated as such. However, one of the author’s main 
conclusions pinpoints to the specific observation that the fishery affects deep-living mud shrimps, 
which may indicate consequences for the functioning of the benthic ecosystem other than simple 
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loss of biodiversity. This clearly indicates that recovery is not solely dependent on the changes in 
abundance of a particular species, but also on the species-specific interactions with the ecosystem. 
Duineveld et al. (2007) concluded that their results, especially those obtained with the Triple-D 
dredge show a distinct difference between the fauna in the closed fishery subarea near the platform 
and the other regularly trawled subareas. The triple-D hauls taken in the platform subarea had on 
average significantly greater species richness and lower dominance. The reverse seems to be true for 
one of the reference subareas, although the differences were not significant. Differences in diversity 
between subareas are illustrated by notched box and whisker plot confidence intervals for the 
medians by means of notches (Fig. 4-48).  
 
Fig. 4-48 - Notched box and whisker plots comparing median species richness (Hurlbert’s ES1000) and the 
reciprocal of dominance (Hill N2) of the Triple-D hauls in the platform subarea (pl) and the reference 
subareas (N, S, E, and W). Non-overlapping notches denote a significant difference. The notch (narrow part) 
of the box to the right of the left panel is indicated by the two connected arrows that are drawn alongside. 
The notch represents the 95% simultaneous confidence interval of the median. Because the lower quartile in 
this case is greater than the lower confidence limit, the notch appears folded back on itself. The whiskers 
have a maximum length equal to 1.5 times the length of the box (the interquartile range, IR). If there are 
data outside this range, such points are marked as asterisks if the values fall within 3 IR from the end of the 
box, or as circles if the values are outside this range. (Modified from Duineveld et al., 2007) 
Species that were more abundant in the Triple-D hauls near the platform included the bivalves Artica 
islandica, Thracia convexa, Dosinia lupinus, and Cardium echinatum. All are relatively large fragile 
species in reach of the trawl that are known to be vulnerable to beam trawling (see above). The same 
holds for the fragile, but small, bivalves Abra nitida and Cultellus pellucidus. For these species, 
Bergman and van Santbrink (2000) reported direct trawling mortalities of 18–38% and 27–29%, 
respectively, in the trawl path of a single beam trawl haul in silty sediments. The lack of clear 
patterns in the box core samples of Duineveld et al. (2007) is attributed to the dominance of 
polychaetes (average 30% of the species and 40% of the individuals in a sample). The effects on 
polychaetes and small benthic invertebrates in the chapters above confirm these results, e.g. 
Jennings et al. (2001) showed no relation between the abundance of infaunal polychaetes and 
trawling frequency. 
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However, not all long-term changes can be readily explained by the studies on short-term mortality. 
Mud shrimps such as Upogebia sp. and Callianassa sp., are not reported to have high direct short-
term mortalities. However, there are significant differences in their long-term abundances between 
fished and unfished sites. Destruction of burrows by beam trawls leading to extra energetic costs for 
C. subterranea to reconstruct its tunnels is regarded as not significant in the document on the 
following website: http://www.marlin.ac.uk/biotopes/Bio_Sensexp_CMS.AfilEcor.htm. The results of 
Duineveld et al. (2007) suggest they can be significant. Moreover, as mud shrimps are considered to 
be engineering species with an important impact on sediment bioturbation, mineralization, and the 
erosion threshold of the seabed (Rowden and Jones, 1993; Howe et al., 2004; Amaro, 2005 in 
Duineveld et al., 2007), the “wider ecosystem effect” of trawling may be more far-reaching than a 
simple reduction in abundance (Coleman and Williams, 2002 in Duineveld et al., 2007). Other 
unexpected results are the higher abundance of Echinocardium cordatum, a species vulnerable to 
trawling, in the fished area. Rumohr and Kujawski (2000) argued that E. cordatum has a scavenging 
feeding mode, which helped the species to thrive in a grossly fished area where dead and wounded 
benthic creatures are available as food resource (Callaway et al., 2007). Another important notice 
from Duineveld et al. (2007) highlight that juvenile A. islandica are scarcely abundant in the platform 
(unfished) area. Although Witbaard  and Bergman (2003) suggest beam trawling as one of the factors 
responsible for the infrequent recruitment, Duineveld et al. (2007) suggest direct trawling mortality 
among juveniles is likely not the main factor preventing successful recruitment. This latter 
observation is said to be of relevance in any discussion about establishing a MPA at the Frisian Front 
as long-living bivalves in general and A. islandica in particular are frequently mentioned as 
conservation targets.  
More recent insights (Frid et al., 2009a; Frid et al., 2009b) have put these conclusions about fishing 
impacts into perspective and explain why prophecies about appropriate management measures for 
fisheries cannot easily be determined. Albeit the evidence that changes in benthic composition are 
driven by fishing impacts (e.g. Frid et al., 1999; Callaway et al., 2007; Duineveld et al., 2007), several 
authors (e.g. Rees and Elefteriou, 1989; Reise et al., 1989; Suchanek, 1993; Holte and Aug, 1996; 
Callaway et al., 2002; Nunes and Jangoux 2004; Kirby et al., 2007; Neumann et al., 2008; Frid et al., 
2009a; 2009b) illustrate that changes can also be influenced by the trend in climate warming, altered 
fluxes of phytoplankton, eutrophication, etc. The real challenge is managing human impacts on the 
system against a background of natural resilience (Frid et al., 2009b). Therefore the key drivers must 
be identified, as well as the sustainability limits of the North Sea ecosystem. That is to say, what are 
the natural drivers on the system and how does the system vary over time in response to these 
factors and what are the types and levels of human activities that can be sustained without 
compromising the functioning of the ecosystem (Frid et al., 2009b)?  
In this report, we summarize the main statements of Frid et al. (2009b) (see box), as to their and our 
knowledge, the Dove benthic time series represents the most comprehensive data set on temperate 
shelf sea benthic dynamics as they illustrate the benthic dynamics together with natural and 
anthropogenic variations. This leaves the option of interpreting the conclusion on fishing effects on 
the long-term at North Sea scale, as this study is only at a local scale. However, Frid et al. (2009b) 
demonstrate how the conclusions about long-term fisheries impacts should be balanced at North Sea 
scale with other natural and anthropogenic factors in order to guide future management of the 
North Sea benthic ecosystem.  
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Box: Observing change in a North Sea benthic system: a 33 year time series (modified from Frid et 
al., 2009b) 
Studies undertaken at a number of scales across the North Sea have identified a role for climatic forcing in the 
structuring of both zooplankton and benthic invertebrate communities (for an extensive list of references, see 
Frid et al. (2009b)). Previous analyses of the Dove time series datasets have revealed some trends that parallel 
the pattern of variation in the climatic indices, but the high resolution of the series also suggests the operation 
of smaller scale complex mechanisms of community control, involving extrinsic drivers, intrinsic biotic feedback 
and anthropogenic forcing. Ideally, the level of understanding of the relationships between particular drivers 
and the associated response in ecosystem components should allow the forecasting of trends given particular 
scenarios. Their data show that over the 33 year period a total of 537 taxa have been recorded, over 380 if you 
aggregate them to genera level. In common with most benthic habitats, while the assemblage is taxa rich, 
there is also a high degree of dominance with 10 taxa accounting for over 40% of the individuals. At the nearby 
Station P sampling is annual and the dynamics have been constrained due to the effects of fishing disturbance 
on the sea floor (see above: Frid et al.,1999, 2000, 2001). However, the analyses of Frid et al. (2009b) suggest 
that the dynamics of the system are not strongly coupled to one driver but rather respond at different times to 
a number of controlling factors. In fact it appears that the system undergoes quasi-decadal (6–10 years) 
periods of coupling with a factor before a sudden shift to a new dynamic. These dynamics are superimposed on 
a longer term trend in the system. The multivariate analyses of Frid et al. (2009b) show a clear trend over time 
in the taxonomic composition of the fauna; however, this trend is not reflected in a trend in the total numbers 
of organisms in the system, nor is it the result of changes in a few taxa. The richness of the system increased 
between the 1970–1980s and the 1990s–2000s, which coincides with the widely reported ‘phase shift’ in the 
North Sea plankton (Lees et al., 2006 in Frid et al., 2009b). In fact the greater longevity (most taxa live a few 
years and some around a decade, or longer) may explain the observed patterns of variation. While the 
composition of the plankton responds to climatic drivers through changes in growth and reproductive output 
of species with different environmental requirements, in the benthos, organisms literally sit in the mud and 
integrate these variations. When water column conditions favour a species and there are available resources in 
the benthos it settles and a population establishes. This then persists for a number of years, riding out any 
‘poor’ years. As the population goes into decline it is replaced either by individuals of the same species or of a 
different one depending on conditions. As different species might be expected to respond to different drivers it 
would appear that the system flips between states. This model is overly simplistic. Changes in the dominant 
species are not what are observed, in fact the same few species have been dominant through the series. Rather 
the biological changes driving the changes in the emergent properties (diversity, abundance, species 
composition) are the result of small changes in many species. Such changes raise interesting questions about 
how the delivery of ecological functions varies over time. Is it simply a case that as the dominant species 
remain they also deliver the bulk of the ecological functions or, as seems likely (Bremner et al., 2003, 2006 in 
Frid et al., 2009b), do small changes in the assemblage cause large changes in some ecological functions? 
Buchanan first characterized the benthos of this area of the western central North Sea (Buchanan, 1963; 
Buchanan and Warwick, 1974 in Frid et al., 2009b). Now over 40 years after his initial studies our 
understanding of the system has grown. Initially, winter temperature was seen as a key factor (Buchanan, 1963 
in Frid et al., 2009b), this was eclipsed by density dependent processes (Buchanan et al., 1978 in Frid et al., 
2009b) and then phytoplankton flux (Buchanan and Moore, 1986b; Buchanan, 1993 in Frid et al., 2009b). The 
authors themselves also proposed fishing as a crucial driving factor (Frid et al., 1999, 200, 2001). It is now clear 
that each of these factors does play a role but in a complex, decadal, pattern of dynamics. But the system is 
also shifting. After 33 years we can say that the benthos of Northumberland are undergoing long term changes, 
possibly related to climate, but they also show periods of relative stability, for up to a decade, before 
undergoing sudden changes. Such parameter rich systems with complex dynamics will present a challenge if 
ecosystem models are to be developed to compliment the hydrodynamic and process models available and to 
provide predictive capabilities using the data generated by modern ocean observing systems. 
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Another interesting study includes a meta-analysis of the status of the ICES fish stocks during the 
past half century (Sparholt et al., 2007). They summarized their main results as follows:  
Most studies included above are focused upon the benthic ecosystem, such as infaunal, epifaunal 
invertebrates and demersal fish. However, as indicated above, fishing can influence primary 
productivity and other ecosystem components as well (and vice versa) (e.g. chapter on productivity). 
As a final remark about recovery, resilience and a sustainable impact of whatever fishing gear is used, 
we summarize the conclusions of Kirby et al. (2009), who put recovery and the evolutions of the 
status of different ecosystem components into perspective.  
“Based on a meta-analysis of time-series of stock size, recruitment, and fishing mortality, the 
general status of fish stocks within the ICES Area (i.e. the Northeast Atlantic) is evaluated. The 
analysis is based on data for 34 (7 pelagic, 27 demersal) commercial stocks. The stocks were 
selected based on the quality of the data and the length of the time-series. The analysis indicates 
that most pelagic stocks recovered to sustainable levels with high productivity after several had 
collapsed in the 1960s and 1970s. In contrast, most demersal stocks have continued to decline 
over the past half century and are now recruitment-overfished. By reducing fishing mortality on 
demersal stocks on average by half and building up the stocks by a factor of about two, 
management could be brought in line with international agreements. If recruitment-overfishing is 
avoided for all demersal stocks and discarding is minimized, their yield might be almost doubled 
over the current yield. Among the major management initiatives during the past half century, only 
the closure of the pelagic fisheries in the mid-1970s can be clearly identified in the time-series as 
having had a direct effect on stock status.” 
These authors have investigated the synergistic effects of climate and fishing on trophodynamics of 
the North Sea ecosystem. In contrast to earlier mentioned studies, Kirby et al. (2009) consider the 
complete ecosystem, inclusive of interactions between ecosystem components. Their analyses 
suggest that the ecology of the North Sea has shifted between two different ecological states with 
the coincident decline of cod and the increase in sea surface temperature (SST) in the mid 1980s as 
the tipping point. Prior to the tipping point, decapods abundance was mainly controlled by cod 
predation and the plankton and the benthic fauna (bivalves and echinoderms) were more affected by 
changes in the hydroclimatic environment than trophic interactions. Following the decline of North 
Sea cod, the abrupt ecosystem shift and onset of warmer temperatures have resulted in an increase 
in decapods that has altered the trophodynamics of the plankton and benthos. In the plankton, 
increased SST and predation by decapod larvae may now be influencing the holozooplankton and 
chlorophyll abundance. In the benthos the decline in bivalves due to decapod predation may be 
enabling detritivores like E. cordatum to benefit from warmer conditions and an increased food 
supply (attributed to fishing in e.g. Rumohr and Kujawski, 2000). This is also confirmed by studies, 
earlier mentioned in this chapter, e.g. Frid et al. (2000); Callaway et al. (2007). 
Kirby et al. (2009) summarize that in the absence of fishing, a cod dominated North Sea ecosystem 
might have been more resilient to climate change. This implies that the influence of climate on both 
recruitment and the geographical distribution of cod would have eventually brought about a change 
in community structure, similar to the current existing change. However, when overfishing in the 
North Sea and the climatic effects are combined, they are a particularly powerful driver of ecosystem 
structure that shortens the period of change. This is because overfishing is known to simplify food 
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webs, trigger trophic cascades and promote the proliferation of jellyfish, which feed on fish eggs, fish 
larvae, and zooplankton (Pauly et al., 1998 in Kirby et al., 2009; Daskalov and others 2007 in Kirby et 
al., 2009). The net result of these changes has been to create a simplified ecology focused on lower 
trophic level invertebrates (Fig. 4-49). The proliferation of jellyfish that can exert both top-down and 
bottom-up control of fish recruitment may signal the ecological climax of these changes. Fig. 4-49 
shows how Kirby et al. (2009) interpret the synergistic effects of climate and fishing on the ecology 
and trophodynamics of the North Sea. 
 
Fig. 4-49 - Sketch diagram summarizing the potential mechanisms affecting ecological interactions between 
cod, plankton, and benthic organisms in the North Sea. A decline in cod, driven by fishing, climate change, 
and consequent changes in the holozooplankton, releases benthic decapods from top-down control. SST 
influences the larval abundance of benthic decapods, echinoderms, and bivalves positively. Reduced top-
down predation and increased SST therefore benefit decapods abundance. Decapod predation on 
holozooplankton may affect cod recruitment favoring decapods further. In the benthos, decapod predation 
on bivalves reduces bivalve abundance, despite warmer temperatures. Reduced holozooplankton grazing 
contributes to the increased Phytoplankton Color Index, which benefits decapod larvae and benthic 
detritivores like E. cordatum. A decline in adult bivalve numbers may also increase the food supply to 
benthic detritivores. Macroinvertebrate bioturbation enhances nutrient cycling to support increased primary 
production in the plankton. A proliferation of jellyfish in the North Sea, which can exert top-down and 
bottom-up control of fish recruitment, may signal the climax of these changes. (Modified from Kirby et al., 
2009) 
Kirby et al. (2009) propose that at the scale of the ecosystem both top-down and bottom-up control 
modulate the trophodynamics and ecosystem structure. Their strength in turn is modulated by both 
climate and fishing. The extent of the synergistic effects of fishing and climate in the North Sea 
suggests that management may be unable to reverse current climate and human-induced changes. 
Rather, Kirby et al. (2009) argue to adapt to the new ecological regimes. This requires the adoption of 
new approaches to fisheries management that incorporate fully the influence of environmental 
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change. In other words, traditional top-down approaches to fisheries management (controlling 
fishing effort) are unlikely to be successful when fishing is coupled with long-term climate effects.  
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5.1 Task 3.1 Beam trawls 
5.1.1 General 
Beam trawling is an efficient method for catching demersal flatfish species (mainly sole (Solea vul-
garis L. and plaice (Pleuronectes platessa L.)), and brown shrimps (Crangon crangon L.). The fishing 
vessel operates two steel spars or beams from two derricks simultaneously (Figure 5-1).  
5.1.2 Fishing gear used 
A beam trawl gear consists of the beam with two trawl shoes on each side to which a net is attached 
and an array of chains, called ‘tickler chains’. Often at the footrope inside the net additional chains 
are placed, called ‘net ticklers’ (Figure 5-2). The number of these chains can vary, but values of 8-10 
ticklers and 8-10 net ticklers are commonly used. By EU Regulation No 850/98 the width of the gear 
or beam length is limited to 12 m, and the power of the installed main engine to 2000 hp for flatfish 
beam trawling. 
 
Figure 5-1: Beam trawling (From: E.J. de Boer en C. Vermeulen, 1976) 
There are two types of beam trawl in use in the flatfish fishery, one with tickler chains for flat sandy 
fishing grounds, called the ‘V’-net (Figure 5-2), and one with a chain mat for rough grounds, called 
the ‘R’-net. A ‘flip-up’ rope system can be used to enable passage over stones and boulders (Figure 
5-3).  
 
  
Figure 5-2: Beam trawl with tickler chains (V-net) 
 
 Figure 5-3: Chain mat beam trawl without (upper) and with ‘flip-up’ rope 
 
The mesh size used in the cod-ends for flatfish is usually 80 mm for sole fishery and 100 mm or 
120mm for plaice fishery. Cod-ends are restricted in circumference to 100 meshes round, and the 
twine thickness to 6 mm double braided. 
The beam trawl for brown shrimps (Crangon crangon L.) is a much lighter version. A typical beam 
length used is 9 m. The mesh size in the cod end is usually much smaller, ~20 mm inside knots. The 
conventional gear is fished with a bobbin ground rope. Although this gear is primarily designed to 
catch shrimps, in most areas fish bycatches also occur. Some fishermen aim at these bycatches as 
share of their income, mostly in the southern areas of the North Sea. Sieve nets are developed to 
filter larger specimen out, and turned out to be effective from lengths greater than 10 cm (van 
Marlen et al., 2001c; van Marlen et al., 2001b). Recent attempts were made to lower the drag of this 
beam trawl. A new wing-shaped beam design called “Dolphine” enabled the skipper of MFV WR124 
to drop his weekly fuel consumption from 12 to 8 tons (Anonymous, 2010). 
 
Figure 5-4: Example of a brown shrimp beam trawl with 250kg bobbin ground rope (Photo ILVO Bart Ver-
schueren, 2009) 
 
5.1.3 Vessels 
The beam trawler fleet consists of several vessel classes, often categorised in so-called ‘fleet seg-
ments’ for which technical and economic data are collected under the Data Collection Regulation 
(DCR) of the EU. 
The principle vessel design is with the wheel house and crew quarters at the stern and the derrick 
and beam just behind the forecastle (Figure 5-5). The working deck is in the mid-ships, sheltered by 
the forecastle. Here the catch is brought onboard and dumped in two bins usually hosed with sea 
water. A conveyor belt runs from the bins to the processing area, where fish is gutted. The refriger-
ated fish hold is underneath the main deck. Fish is usually stored in boxes on ice. A typical trip lasts 
for four to five days, with weekends in port. Some vessels are equipped with a net drum enabling to 
change fishing methods, e.g. into twin-trawling. Otter boards are handled from the aft gantry in this 
case. 
  
Figure 5-5: Typical Dutch 2000 hp beam trawler 
 
Table 5-1 below lists the mean vessel and gear characteristics of the main beam trawling segments 
for The Netherlands, the United Kingdom, and Belgium. Data covers: country, a segment description, 
Loa range, power range, gear type, main target species, gear dimensions, e.g. beam width, net cir-
cumference, headline length, footrope length, siderope length, codend mesh size, average fishing 
speed, average yearly fishing effort, average yearly landings, average LPUE, average fuel consump-
tion per year, and average LPUE per unit of energy used. 
 Table 5-1: Catalogue of fishing vessel and gear characteristics – beam trawl(er) NL, UK and BE. 
Coun 
try 
Segment 
description 
Loa 
range 
(m) 
Power 
range 
(kW) 
Gear 
type Main target species 
Gear 
code 
Beam 
width 
(m) 
Net 
Circum-
ference 
Headline 
length 
(m) 
Foot-
rope 
length 
(m) 
Side 
rope 
length 
(m) 
Cod-
end 
mesh 
size 
(mm) 
Average 
fishing 
speed 
(kts) 
Average 
yearly 
fishing 
effort  per 
vessel 
(1000 
kW*days 
or days) 
Average 
yearly 
landings 
(tonnes) 
per 
vessel 
Average 
LPUE 
(tonnes/ 
1000 kW-
day; 
kg/day) 
Average 
fuel 
con-
sumption 
per year 
(*1000 
ltr) per 
vessel 
Average 
LPUE per 
unit 
energy 
(kg/ltr) 
NL 
Beam trawlers 
12-24m 12-24 211 
Beam 
trawl brown shrimps TBB 9 n/a 8.5 25     2.5 21.7 97 4.47 162 0.60 
NL 
Beam trawlers 
24-40m 24-40 1471 
Beam 
trawl sole, plaice, other TBB 12 n/a 11.5 30     6.5 144.87 242 1.67 1045 0.23 
NL 
Beam trawlers 
>40m >40 1471 
Beam 
trawl sole, plaice, other TBB 12 n/a 11.5 30     7 304.63 465 1.53 1570 0.30 
                                      
UK 
Beam trawlers 
24-40m 24-40 778 
Beam 
trawl sole, plaice, monkfish TBB 10 21 10 18 0.5 80 5 159 247 
1.56 
tonnes/ 
1000 kW-
day 744 0.33 
                                      
BE 
Beam trawlers 
12-24m 12-24 221 
Beam 
trawl Brown shrimps TBB 8 n/a           34 83 2.44 246 0.34 
BE 
Beam trawlers 
24-40m 24-40 883 
Beam 
trawl sole, plaice, other TBB 12 n/a           216 293 1.36 1045 0.28 
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5.2 Demersal trawls and Danish seines  
5.2.1 Alternative mesh forms to improve selectivity 
There is a lack of work conducted in the Danish seine fishery so the following text is based on trawls.  
5.2.1.1 Square meshes 
There are data available on plaice from experiments where square meshes have been tested and 
compared to diamond meshes (Frandsen et al., in press). A cod-end made in square mesh netting is 
shown in Error! Reference source not found.. 
The results are presented in Fig. 5-1 – Square mesh cod-end 
Table 5-2 below. It is clear that square meshes don’t have any effect on the selection factor (SF) of 
plaice suggesting no marked difference in the selectivity between square and diamond meshes. 
However, square meshes are more selective on cod providing a substantial higher SF for cod. Square 
mesh cod-ends are consequently an alternative to diamond meshes if the selectivity of cod should be 
improved without affecting the selectivity of plaice. 
 
Fig. 5-1 – Square mesh cod-end 
Table 5-2: Selectivity of plaice and cod in square and diamond mesh codends fished simultaneously, esti-
mates are from Skagerrak (ICES area IIIa). Estimates from Frandsen et al. (in press). 
Species Mesh No. 
Hauls 
Mesh (mm) L50 (cm) SR (cm) SF SRA 
Plaice 
 
 
Plaice 
 
 
Cod 
 
 
Cod 
Square 
 
 
Diamond 
 
 
Square 
 
 
Diamond 
 
18 
6 
 
18 
6 
 
18 
6 
 
18 
6 
70.8 
68.4 
 
94.3 
95.0 
 
70.8 
68.4 
 
94.3 
95.0 
14.6 
13.9 
 
19.1 
19.8 
 
26.9 
26.3 
 
15.0 
18.9 
3.45 
2.34 
 
3.45 
3.60 
 
4.4 
6.3 
 
3.3 
6.3 
2.06 
2.03 
 
2.02 
2.08 
 
3.80 
3.85 
 
1.60 
1.99 
0.240 
0.165 
 
0.181 
0.182 
 
0.16 
0.24 
 
0.22 
0.33 
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5.2.1.2 T90 meshes 
Cod ends with the diamond meshes turned 90° are expected to ensure a larger mesh opening be-
cause the knots determine the initial mesh-bar angle. This is a simple way to improve selectivity (be-
cause standard conventional netting can be used) has been introduced in the legislation for the Baltic 
Sea from 2006 onwards (Madsen, 2007; Herrmann et al., 2007).  
Results for a T90 codend compared to a diamond mesh cod-end are provided in Table 5-3 below. 
There is no effect (SF) on T90 meshes on plaice but an improved selectivity of cod is found. Further-
more the selectivity of Norway lobster was estimated in these experiments (Madsen et al., 2008) and 
it was found that it increased substantially in the T90 codend resulting in a major loss of marketable 
individuals.  
Like for square meshes, these results suggest that a T90 codend could be an option to improve the 
selectivity of cod while not affecting the selectivity of plaice.  
Table 5-3: Selectivity of plaice and cod in T90 and diamond mesh codends fished simultaneously. 
Estimates are from Skagerrak (ICES area IIIa). Estimates from Madsen et al. (2008). 
Species Mesh No. 
Hauls 
Mesh (mm) L50 (cm) SR (cm) SF SRA 
Plaice 
 
 
Cod 
Diamond 
T90 
 
Diamond 
T90 
15 
15 
 
15 
15 
99.9 
98.7 
 
99.9 
98.7 
21.3 
20.5 
 
23.7 
32.2 
2.77 
2.72 
 
13.1 
7.83 
2.13 
2.08 
 
2.37 
3.26 
0.13 
0.13 
 
0.553 
0.243 
 
The experiment also assessed the escape of plaice and cod during haul-back operation. It was indi-
cated that there is a substantial escape during haul-back. This was particularly the case for the T90 
codend and cod and Norway lobster.  
5.2.2 Use of species selective devices  
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5.2.2.1 Selective trawl designs  
Experience with beam trawls in the North Sea as well as trawls tested around the Faroes and in the 
Baltic Sea (Thomsen, 1993; Madsen et al., 2006; Mieske, 2008) has shown that large mesh top panels 
or a reduced top panel may help to reduce the cod catch in targeted flatfish fisheries. The principles 
are shown in Fig. 5-2. 
Thomsen (1993) developed and tested a selective otter trawl for the Faroe Islands aiming at reducing 
cod catch in a directed flatfish fishery. The trawl was modified by reducing the height of the trawl 
and by extending the headline to be about seven meters behind the ground gear. In the upper panel 
in the middle of the trawl body 135 mm meshes were replaced by 540 mm meshes. The reduction of 
by-catch was estimated to 38 % for cod and more than 90 % for haddock and saithe.  
Madsen et al. (2006) tested a flatfish trawl with a low height and a large mesh top panel combined 
with a cod-end with a square mesh section. The function of the square mesh section was to reduce 
the size selection of flatfish and increase it for gadoids. The selective flatfish trawl had a 61 % reduc-
tion of undersized cod per kg of plaice caught when tested in the Skagerrak but the total cod reduc-
tion was only 27 % because there was also a higher catch rate of bigger cod.  
 
Fig. 5-2 - conventional trawl and two different selective flatfish trawl concepts. 
A recent experiment with a reduced top panel tested in the Kattegat and Skagerrak fishery yielded a 
41% reduction of larger cod but no significant difference for cod below minimum landing size, 
whereas more plaice and sole where caught (Krag and Madsen, 2010). However, Revill et al. (2006) 
did not detect any significant effect on cod when testing a trawl with a reduced top panel in the 
North Sea but no effect on marketable plaice neither. 
5.2.2.2 Sorting grids and frames 
Grid systems utilise mechanical sorting by size and have been developed for sorting out fish from 
shrimp (Isaksen et al., 1992; Madsen and Hansen, 2001) and are used in commercial fisheries world-
wide. Recent years grids have been tested and implemented in Norway lobster fisheries where they 
are found to be very selective (Catchpole et al., 2006; Madsen et al., 2008; Valentinsson and 
Ulmestrand, 2008). Experiments have been conducted in flatfish fisheries to test the ability of grids 
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to separate flatfish from cod. Horizontal bars were tested intending to increase the catching effi-
ciency for flatfishes (Zachariassen and Jákupsstovu, 1997; Valentinsson and Ulmestrand, 2008). How-
ever, the results indicated that a Horizontal bar grid had a similar separation efficiencies as a tradi-
tional vertical bar grid (Valentinsson and Ulmestrand, 2008).  
Recent experiments have shown that it is possible to guide fish upwards (Krag et al., 2009). Following 
these principles Madsen et al. (2008) tested a 30 cm high frame with two guiding bars to guide cod 
upwards and flatfish and Norway lobster are expected to penetrate the frame. The principle is shown 
in Fig. 5-2. It was found that 88% of the Norway lobster above MLS, about 40% of the cod and about 
penetrated the frame. The amount of plaice penetrating the frame was 80% and 47% below and 
above MLS. Further experiments are conducted in 2010 to test this device further.  
5.2.2.3 Escape windows 
An escape window is a panel with a mesh shape and/or mesh size that is different from the remain-
ing part of the cod-end. The principle of the window is that it offers an escape possibility for round 
fish whereas flatfish and Norway lobster are expected to pass below the window.  
A chief benefit is that it is a simple and cheap method of improving the selectivity gadoids. Test of 
120 mm escape window placed in a 6-9 m position from the codline don’t indicate any loss of mar-
ketable plaice, however, there was no significant reduction of cod. (Krag et al., 2008; Frandsen et al., 
2009). Pedersen and Madsen (2006) tested a 140 mm escape window, also in a 6-9 m position, and 
did not record any loss of marketable plaice but a 17% reduction of cod. Attempts to improve the 
escape window by moving it backwards in a 3-6 m position, increasing mesh to 300-400 mm, and 
making the section where the window is placed more narrow, showed a very high reduction of cod 
and plaice but not Norway lobster Madsen et al., 2010a; 2010b).  
5.2.3 Reducing impact on sea bed and benthic invertebrates 
Several studies have been made to test ground gear of trawls and trawl doors with reduced impacts 
on the sea bed (He and Winger, 2010).  
Most of the devices developed to reduce sea bed contact of the trawl, bridles and trawl doors will 
likely influence the catch of flatfish species substantially, because bottom contact is important in 
directed flatfish fisheries. Use of brushes instead of chains in flatfish fisheries are reported to reduce 
seabed impacts with an indication on similar catch rates (He and Winger, 2010). More research is, 
however, needed to be conducted in directed flatfish fisheries to find suitable ways to reduce the 
impact on the sea bed. 
Several studies are made in the beam trawl fisheries to test benthos release panels to reduce the 
impacts of beam trawls on benthic communities (Fonteyne and Polet, 2002; van Marlen, et al., 2005; 
Revill and Jennings, 2005). Further information is provided in the beam trawl section (5.1). There are 
not experiments available from trawl fisheries but these devices are very likely to function in a very 
similar manner and could be introduced to reduce impact on the benthic fauna.   
5.2.4 References 
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5.3 Static gear 
5.3.1 Reducing bycatch in set nets  
5.3.1.1 Marine mammals 
Bycatch of habour porpoise is reported from the Danish North Sea bottom-set gill net fishery 
(Vinther and Larsen, 2004) as well as other fisheries (He and Pol, 2010). Several experiments 
have been conducted to avoid this incidental bycatch (Tregenza, 2002; He and Pol, 2010). 
Battery powered acoustic alarms (pingers) can be used to frighten away porpoises and 
seems to an effective method that can deter porpoises from being caught by gill nets 
(Kastelein et al., 1995;Kraus et al., 1997; Gearin et al., 2000; Culik et al., 2001; Tregenza, 
N.J.C., 2002; Vinther, M. and Larsen, F., 2004). 
However, pingers are active electronic devices, and as such they have a number of disadvan-
tages, including the need for a continuous source of energy and sensitivity to physical im-
pacts (Larsen et al., 2007). It is consequently necessary to take practical issues into account 
by considering the acoustic functioning of the pinger, battery life and robustness to opera-
tional rigours, weight, volume, buoyancy, environmental effects, cost and handling (Larsen, 
2004).  
In addition, concern has been expressed about the effects of widespread pinger deployment 
on target as well as non-target species and potential habituation by cetaceans to the alarm 
signals (Larsen et al., 2007; Carlstrøm et al., 2002). Pingers might cause a displacement effect 
which is likely to be more prominent in coastal waters where access to bodies of water is 
limited and the consequence may be serious if the area is critical to the survival of the por-
poise population (Carlstrøm et al., 2002). 
Use of pingers have been mandatory in set nets in the North Sea having a mesh size larger 
220 mm (Anon., 2004) which mainly concerns nets targeting turbot as well as in other areas 
(Larsen et al., 2007).  
Acoustic reflecting nets and nets made of stiffer material have been tested (Larsen et al., 2007; 
Mooney et al., 2007). Larsen et al. (2007) found a lower bycatch of harbour porpoises than the con-
ventional nets but also a lower catch of the target species, to such an extent that they are not a vi-
able mitigation measure. Differences between the two net types in acoustic reflectivity, stiffness, 
colour and buoyancy could all contribute to the different catch rates, but Larsen et al. (2007) con-
clude that the increased stiffness of the was the main reason for the different catch rates, and that 
the difference in target strength is insufficient to have an effect on harbour porpoise bycatch. 
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Fig. 5-3 - Pinger attached to a set net (Larsen, 2004).  
Sea bird bycatch occurs in almost all gill net types (He and Pol, 2010). However, there are 
very few quantitative studies from the North Sea (Žydelis et al., 2009) and none with direct 
relevance to this context. Bycatch of sea birds might take place on shallow water or during 
haul-back of the nets. A number of technical parameters like colur, twine and net material 
could influence the bycatch of seabirds (Žydelis et al., 2009) but further research is needed 
to clarify this issue. Mitigation measures to reduce seabird mortality are limited (He and Pol, 
2010) and no studies of relevance to the present fisheries are available. For another static 
gear fishery, long lines, several mitigation measures have been tested to avoid incidental 
seabird mortality and some have been proven successful (Løkkeborg, 2003).  
Sea birds 
5.3.1.2 Improving species selectivity 
Some research has been conducted in other fisheries to improve species selectivity to re-
duce fish bycatch (He and Pol, 2010). No research of relevance to improving species selectiv-
ity of set nets in the flatfish fisheries in the North Sea could be found. 
5.3.1.3 Reducing ghost fishing of set nets  
There are no estimates of lost set nets in relation to directed fisheries after plaice and sole in the 
North Sea but more generally the net loss in European waters appears to be less than 1% of the nets 
deployed with catches well under 1% of the landed catches (Brown and Macfadyen, 2007).  
Brown and Macfadyen (2007) classify possible management options to reduce net loss into either 
preventive or curative measures.  
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Preventive measures:  
• Reducing risks of conflict e.g. zoning of active and passive fishing, 
• Reducing risks of snagging e.g. gear modification, 
• Reducing efficiency of ghost nets  e.g. biodegradable components, 
• Reducing fishing effort e.g. net  numbers, soak time, vessel numbers, 
• Improving gear recovery e.g. attachment of transponders. 
And curative measures suggested:  
• Reporting of gear loss for subsequent gear recovery campaigns 
• Gear recovery campaigns 
• Opportunistic gear recovery through demersal trawl surveys 
Gear retrieval programmes are reported from the Barent Sea (Humborstad et al., 2003) the 
Baltic Sea (Brown and Macfadyen, 2007) and other European areas (Brown and Macfadyen, 
2007) 
Brown and Macfadyen (2007) further suggest that a broader strategic approach of establishing codes 
of good practice should involve the fishing industry and involve: 
• only setting the amount of gear that can be handled regularly and efficiently,  
• marking gear properly, including the identity of the vessel, 
• position marking of gear to aid net  relocating, 
• paying close attention to weather patterns and not setting gear when poor weather is ex-
pected, 
• ensuring that gear is set in such a way as to avoid conflict with other users, and taking ap-
propriate precautions when fishing in areas of high marine traffic,  
• always carrying net  retrieval gear aboard, 
• always attempting to retrieve lost gear and reporting its loss where possible. 
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5.4 Task 3.4 Alternatives for existing vessels 
5.4.1.1 Adaptations to beam trawls to reduce drag – developments in 2006-2007 
Practical trials with alternative beam and trawl shoe shapes driven by the sharp rise in fuel prices in 
2006-2007 were carried out in the Netherlands instigated by the “Task Force Sustainable North Sea 
Fisheries” on four vessels, ranging in installed engine powers of around 2000 hp (Bult, 2007). 
Four different variations were studied: 
1. Wheels replacing the conventional trawl shoe construction 
2. Spoilers attached to the beam with additional changes 
3. “Fly-Beam” – a replacement of the circular pipe with a fixed hydrofoil construction 
4. “Sum-wing” - a replacement of the circular pipe and trawl shoes with a fixed hydrofoil construc-
tion that could run off-bottom with only a front runner touching the bottom 
 
 
Figure 5-6: Wheel to replace beam trawl shoe Figure 5-7: Spoiler 
 
Figure 5-8: Fly-beam Figure 5-9: SumWing with front runner 
 
Overall weekly fuel consumption was recorded during these trials. A drag reduction between 10-15% 
was reported. Many interesting configurations were tried out in a relatively short time, and practical 
skippers were enthusiastically involved. 
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Some of these innovations were given more emphasis in follow-up projects under the different inno-
vation stimulation programmes, amongst others guided by the Fisheries Innovation Platform (In 
Dutch “Visserij Innovatie Platvorm”, or VIP) in 2008, that are described below. 
5.4.1.2 “HydroRig” 
The idea of this innovation is to adapt beam trawls to achieve lower drag using lower towing speed, 
and a diverted flow of water to stimulate fish to become susceptible to capture. A hydrofoil was in-
troduced to deflect the water flow inside the gear downward and accelerate it as well, and produce a 
lift force (Figure 5-10). This was redesigned  later after tests in a laboratory. 
 
Figure 5-10: First design of HydroRig tested in June 2008 
 
The normal tickler chain arrangement was altered in a sort of light chain mat attached with four 
‘shark teeth’ to the belly. A centre trawl shoe was added, but the three shoes were reduced in weight 
and width. The footrope was also made lighter and the heavy bosom roller taken out. Fishing with 
this modification is done with a reduced towing speed. In addition the speed while steaming to and 
from the fishing grounds was reduced with 0.5 kts. The gear is still under development and new ver-
sions are under test in 2009 in the Dutch project “VIP HydroRig”.  
Anecdotal information about the performance of the first design was provided by the skipper in July 
2008. The trip duration was 9 days. The fuel consumption using the first design of the HydroRig went 
back from about 66000 litre to about 44000 litre (ratio 0.667), from some 300 ltr/h to about 200 
ltr/h. The total yearly fuel consumption in conventional beam trawling lies in the order of magnitude 
of 1.4 M litre, and the skipper aims to reduce this with 0.4 M litres. The engine runs at a lower r.p.m. 
about 130-150 less, with lower cylinder pressure, requiring adjustments to the blower. A cruise con-
trol was installed. The towing speed was dropped from about 6.4 to about 5.3 kts, and the steaming 
speed to 10.5 kts. 
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In a later report after the first series of trials with the new version of the HydroRig in September 
2008, the following records were given by the skipper. Based on a five day week trip the fuel used is 
in the order of magnitude of 20000 litre, while conventional vessels operate at present in the range 
of 30000 litre per week. This would again mean a ratio of fuel consumption of 0.667. 
Using the GES-model (Integrated Energy Systems model) produced by TNO-CMC with assumptions 
for an operational yearly profile the HydroRig gives a fuel reduction of ~7% when the towing speed is 
kept the same (van Marlen et al., 2009b). The additional investment of modifying existing trawls into 
the HydroRig-version was estimated at 10000 € for hydrofoils, placed over a conventional beams 
(Personal communication, Roelof van Urk, VCU-TCD, Sep 2008). The skipper reported lower catches 
and earnings, but reminded that the gear is still in its developing phase. In the time of trials the earn-
ings were in the order of magnitude of 75% of those reached on conventional beam trawlers. 
A new design has been tested in September 2008 (Figure 5-11). The foil was made to be placed over 
conventional beams to ease exchange. Initially positive results were reported by the skipper, but 
further tests are necessary. The drop in fuel prices in the second half of 2008 caused the skipper to 
temporary return to conventional beam trawling. 
 
Figure 5-11: Engineering drawing of new HydroRig tested in Sep. 2008 (Source: R. van Urk, VCU-Urk) 
 
A recent development in the HydroRig is the use of cups attached to the beam or in combination 
with a foil (Figure 5-12). This idea originated from the presentation by Cliff Goudey at the gear tech-
nology symposium in Boston in November 2006 of a scallop dredge with a row of cups to generate 
vortices in the water scooping up the animals (Glass et al., 2007). This system was tried out on MFV 
FD281 “Kornelis Jan” in 2009. The skipper reported good clean catches of plaice with little bycatch, 
but this configuration turned out to be vulnerable to objects on the sea floor, and many cups were 
damaged after some weeks of fishing. 
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Figure 5-12: HydroRig with cups attached to the beam tested in 2009 (Source: K.J. Koffeman, skipper FD281) 
Laboratory tests were done in the sediment tank at Deltares, Delft, the Netherlands, in November 
2009 on a cut-off 2m wide scale 1 to 1 model of beam and cups, and a smaller model at scale 1 to 6 
(Figure 5-13). The spacing between cups, the angles of attack, the vertical position in relation to the 
beam, and the towing speed were varied in test runs made with fish models laying on the bottom of 
the tank. Gauges in the bottom measured the pressure difference during passage, and the move-
ment of the fish models was observed and recorded by video to determine the optimum configura-
tion. 
             
Figure 5-13: Models tested at Deltares in November 2009, left scale 1 to 1, right scale 1 to 6 (Source: R. van 
Urk, VCU-Urk) 
With adequate speed and angle of attack these cups can be effective in causing the fish models to 
leave the floor, but it still need to be tested on live animals showing behavioural response. 
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Figure 5-14: New design  HydroRig to be tested in 2010 (Source: R. van Urk, VCU-TCD Urk) 
 
A new design was proposed and also tested at model scale. The cups will be placed on two parallel 
chains across the trawl shoes to enable large objects to pass under (Figure 5-14). Further tests at sea 
with this design will be carried out in 2010. 
 
Figure 5-15: New design  HydroRig in April 2010 (Source: K.J. Koffeman, skipper FD281) 
 
5.4.1.3 Outrigging 
An ‘outrigger’ system consists of two small nets, each spread by two otter boards or trawls doors, 
operated from the booms, to replace beam trawls (Figure 5-16). 
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5.4.1.3.1 Experiments in the Netherlands 
Table 5-4: Fuel consumption of Dutch beam trawlers as a function of installed engine power 
Engine power (hp) Fuel consumption per week (ltr) 
1350 24000 
1592 28800 
1659 30000 
2000 36000 
 
Practical experiments with the outrigger-system were carried out in the Netherlands instigated by 
the “Task Force Sustainable North Sea Fisheries” on four vessels in 2006, ranging in installed engine 
powers between 1350 and 2000 hp (Bult and Schelvis-Smit, 2007). A total of 57 weekly fishing trips 
were carried out in the period between February – October 2006. The spread of this gear is larger 
than of two beam trawls (i.e. 24 m) reaching 30-50 m in total (15-25 m per gear) with an average of 
36 m (stdev=7.3, n=57). 
 
Figure 5-16: Outrigger system used on Dutch beam trawlers in 2006 (Bult and Schelvis-Smit, 2007). 
 
The warp is split in two pieces of 60 m length in front of the doors. The otter boards were Thyborøn 
type 80 inch Multi Perfect Special, 400 kg each. The towing speed was considerably lower than that 
of beam trawls, i.e. 3.1 kts (stdev=0.23, n=57) instead of 6-7 kts. The cod-end mesh size was 80-100 
mm. The mean haul duration was 3 hours (stdev=0.3 hr, n=57). The gear runs lighter over the sea 
bed, resulting together with the lower towing speed in a reduction of fuel consumption i.e. 12 tonnes 
per week on average, (stdev=3.4, n=57), compared to about 29 tonnes per week for the conventional 
beam trawl.  
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The gross earnings of the vessel fishing with the outrigger system were lower, about 56% of that of 
conventional beam trawlers. The mean weekly earnings were 17.6 k€ (5700 kg), compared to 31.4 k€ 
(7100 kg) on conventional beam trawlers. The ratio conventional vs. outrigger was 1.8. Looking into 
species composition most remarkable was the decrease in sole (Solea vulgaris L.) catches (less than 
10%), and brill (Scophthalmus rhombus L.) and turbot (Psetta maxima L.) (about 1/3), but plaice 
(Pleuronectes platessa L.) catches were equal. Contrary to this more prawns (Nephrops Norvegicus L.) 
were caught (4-5 times more). 
In addition the outrigger trawls resulted in landings of 21% more in value and 74% more in weight 
per litre fuel for the outrigger, but not in absolute terms (Bult and Schelvis-Smit, 2007). 
The main conclusions of these experiments were at the time: 
• The outrigger seems to be more adequate for catching plaice and prawns outside the winter 
period, but it is not a gear to catch sole.  
• Due to the gear being lighter there is: 
o Less impact on bottom fauna 
o Less ground covered 
o A reduction in fuel consumption 
• The method serves more as an alternative than a replacement for the tickler chain beam trawl 
 
A follow-up project started in 2008 called “VIP Outriggen 2008” under the Dutch Fisheries Innovation 
Platform on two commercial boats , the TX5 and the NG1 (Table 5-5). The project team runs a web 
site under URL: http://www.duurzamenoordzeevis.nl/index.htm 
 
Table 5-5: Main particulars of beam trawlers used in Outrigger project 
Vessel ID OR-1 OR-2 
Length over all (m) 36.28 41.08  
Main engine power (hp) 1350 2000 
Otterboards 80’’, 2.8 m², 500 kg 100’’, 4.3 m², 800 kg 
Net Nordsøtrawl, double bosom Own design, single bosom 
Wing spread (m) 22 20 
Fuel consumption in litres per 
week when fishing with beam 
trawls 
24.000 30.000 
Fuel consumption in litres per 
week when fishing with 
outrigger trawls 
11.000 14.000 
Fuel savings in litres per week  13.000 16.000 
Reduction in CO2 emissions 
per week in kg 
33.540 41.280 
Reduction in CO2 emissions 
per week in kg (45 weeks) 
1.509.300 1.857.600 
 
The targets set in this project were: 
1. Increase of sole catch to 25% of the total in kg 
2. Reduction in fuel consumption with 60% compared to sole beam trawling 
3. Reduction in the total weight of tickler chains with 80% compared to sole beam trawling 
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During the experimental weeks the catches of sole were enhanced to some extent, but room for 
further improvements remains. The mean fuel consumption per unit of time was indeed considerably 
lower than in conventional beam trawling, ratio 44.8%. Catches were only higher for plaice (PLE), 
140.5% in ratio, but lower for sole (16.2%) and turbot (54.1%). Expressed per litre fuel the outriggers 
caught 42.9%. The earnings were higher expressed per litre fuel, i.e. 121.6% (gross), and 132.4% 
(nett), (van Marlen et al., 2009e). 
Table 5-6: Comparison of means using the t-test (catches log-transformed), s = significant difference (P ≤
0.05), ns = non significant difference. Green numbers: favourable ratio outrigger/beam trawl; red unfavour-
able (van Marlen et al., 2009e). 
Gear Beam trawl  Outrigger  
Outrigger / 
Beam 
trawl 
T-test 
Variable Mean Stderr Mean Stderr % Pr>|t|* Conclusion 
Fuel Costs in €/trip 10999 398.7 5116 270.0 46.5% < 0.001 s 
Fuel Consumption in ltr/trip 28058 557.4 12485 551.1 44.5% < 0.001 s 
Fuel Costs in €/hr 130 4.5 63 3.5 48.5% < 0.001 s 
Fuel Consumption in ltr/hr 331 5.4 148 3.5 44.8% < 0.001 s 
CPUE_Total 88 3.6 84 5.0 94.9% 0.2098 ns 
CPUE_SOL 23 0.7 4 0.5 16.2% < 0.001 s 
CPUE_PLE 40 3.1 57 4.0 140.5% < 0.001 s 
CPUE_TUR 5 0.3 3 0.2 54.1% < 0.001 s 
CPUE_Total_kg/10000m2 3.1 0.12 3.7 0.22 119.1% 0.0317 s 
CPUE_SOL_kg/10000m2 0.8 0.02 0.2 0.02 20.5% < 0.001 s 
CPUE_PLE_kg/10000m2 1.4 0.11 2.5 0.18 175.0% < 0.001 s 
CPUE_TUR_kg/10000m2 0.2 0.01 0.1 0.01 66.7% < 0.001 s 
Total Catch in kg/ltr 0.3 0.01 0.6 0.03 211.1% < 0.001 s 
SOL Catch in kg/ltr 0.1 0.00 0.0 0.00 42.9% < 0.001 s 
PLE Catch in kg/ltr 0.1 0.01 0.4 0.03 325.0% < 0.001 s 
TUR Catch in kg/ltr 0.0 0.00 0.0 0.00 100.0% 0.0127 s 
Gross Earnings in €/10000m2 13.0 0.32 8.9 0.50 68.8% < 0.001 s 
Nett Earnings in €/10000m2 8.3 0.26 6.1 0.44 73.6% < 0.001 s 
Gross Earnings in €/ltr 1.1 0.03 1.4 0.07 121.6% 0.0013 s 
Nett Earnings in €/ltr 0.7 0.02 0.9 0.06 132.4% 0.0012 s 
 
A lot of practicalities were solved enabling proper handling of the doors from both derricks with the 
two nets.  
Monitoring bycatches and discards during two weeks and comparing the data with those of conven-
tional tickler chain beam trawls showed that the outrigger OR-1 had sometimes larger bycatches of 
dab, and whiting, and OR-2 for all three species studied  (van Marlen et al., 2009e). Savings in fuel of 
40-70% were also found in trials with Outriggers in Belgium, whilst sole catches were also low at 8-
13% of the total catch (Vanderperren, 2008). 
The outrigger gear provides a good alternative in terms of fuel savings for beam trawlers, but discard 
rates should still be improved. 
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Table 5-7: Discards of plaice (PLE), dab (DAB) and whiting (WHG) in kg/hectare and kg/hr) for two outrig 
vessels (OR-1 en OR-2) compared to mean values in the conventional beam trawl in years 1999-2007. Num-
bers > 100% (red) are higher than in the conventional beam trawl (van Helmond and van Overzee, 2008; van 
Marlen et al., 2009e).  
Vessel Week PLE  DAB  WHG  
  kg/hectare kg/ hr kg/hectare kg/ hr kg/hectare kg/ hr 
OR-1 25 2.09 48 2.13 49 0.36 8 
 26 3.82 54 5.04 71 0.34 5 
OR-2 25 9.7 223 4.95 114 1.28 29 
 26 3.94 85 5.62 121 0.84 18 
        
Beam trawl 1999-2007  PLE  DAB  WHG 
   kg/hr  kg/ hr  kg/ hr 
 mean  58.6  68.6  5.3 
        
% outrigger/beam trawl  PLE  DAB  WHG 
   kg/hr  kg/ hr  kg/ hr 
OR-1 25  82%  71%  150% 
 26  92%  104%  94% 
OR-2 25  381%  166%  544% 
 26  145%  176%  338% 
 5.4.1.3.2 Experiments in Belgium 
In 2007 and 2008, the outrigger fishery, as an alternative for the beam trawl, was tested in the com-
mercial practice in Belgium. The main conclusion of the project was that the outrigger fishery is a 
viable alternative for the beam trawl that can be applied seasonally or year round. The savings on 
fuel consumption can be 40 to 70 % with in addition less material costs due to the lighter gear and 
less wear and tear. 
Fuel tank experiments helped the fishermen in correctly rigging their gears and demonstrated that 
the optimal towing speed is 2,5-3,5kn. The horizontal netopening for a large beam trawler is 2 x 15 to 
17 m and ± 8m for a Eurocutter. The correct weight and surface area of the otter boards is of the 
utmost importance as well as the correct rigging of sweeps, bridles and towing point to the boards. In 
the project, the optimal rigging for different situations was recorded and attention was paid to safety 
with regard to the handling of the gear. 
Early in the project, the value of the landings was very variable due to the experimental nature of the 
fishery (changes in gear rigging, search new fishing grounds, variable fish prices and changing target 
species).  
The quality of fish, after visual inspection, seemed better compared to the beam trawl. 
The experiments proved that the outrigger fishery can be an alternative for the beam trawl. The sys-
tem is still used in the Belgian fishery, although on a small scale. 
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Fig. 5-4 – Average income per day at sea, Z 85 (Eurocutter) 
 
 
Fig. 5-5 - Average income per day at sea, O.33 (large beam trawler) 
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Fig. 5-6 – Weight of fish per liter of fuel for a 300hp en 1200hp vessel 
 
5.4.1.4   Wing-shaped beams, ‘SumWing’ and ‘Fly-beam’ 
Skippers of beam trawlers from Texel with the company HFK Engineering of Baarn, The Netherlands 
and (called ‘zweefkor’, later ‘SumWing’), and from Urk with VCU-TCD (called ‘Fly-beam’) started the 
development of a wing replacing the cylindrical beam of beam trawls in 2006 under the Dutch Task 
Force Sustainable North Sea Fisheries. This technique showed potential to reduce gear drag and fuel 
consumption, but early designs suffered from lack of constructional strength and robustness (Bult, 
2007). Further experimentation with the SumWing in commercial practice followed in 2007, resulting 
in adaptations of the original design (Leijzer and Bult, 2008). 
 
Figure 5-17: Wing-shaped beam trawl – prototype 
1 (‘zweefkor’) with runner directed aft wards 
(Bult, 2007) 
Figure 5-18: Wing-shaped beam trawl – prototype 
2 (‘zweefkor’) with runners in front (Bult, 2007) 
 
Following the initial work under the North Sea Task force, a project started in 2008 financed by the 
Dutch Fisheries Innovation Platform, called “VIP SumWing”. A new design of the low-drag wing-
shaped beam was made and again tested in the flume tank of IFREMER at Boulogne-sur-Mer, France 
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in June 2008. The design was later modified again after full-scale tests under commercial fishing con-
ditions. 
 
Figure 5-19: Model tests prototype 3 (‘SumWing’) 
at IFREMER in Boulogne (source: HFK Engineering, 
Baarn, The Netherlands) 
Figure 5-20: Commercial tests prototype 4 
(‘SumWing’) (Leijzer and Bult, 2008) 
 
A comparison was made of the catches and fuel consumption of a commercial beam trawler using 
two “SumWing”-gears and a sister ship fishing with two conventional beam trawls. The vessels were 
fishing side-by-side in the North Sea for two weeks in October 2008. The catches of both vessels were 
quite the same, and the reduction in fuel consumption was 11% (van Marlen et al., 2009d). 
Ideas were developed to combine this technique with pulse trawling mentioned below, which would 
enable a much higher fuel reduction, estimated at about 40-50%. This was indeed done by HFK Engi-
neering in 2009 (See section Pulse Trawl below). 
Meanwhile many boats (among which MFV GO23, UK87, HD36, TX29, UK246, OD3, BCK40, O231) 
ordered SumWings and more experience has been gained since their introduction. Reports by skip-
pers mention a fuel saving ranging from 15-18%. In addition shorter duration of shooting and hauling 
was reported, as well as less wear and tear on warps, and maintaining fishing speed with less power 
(Anonymous, 2010). Adjustments are currently being made for operation on uneven fishing grounds 
in the southern North Sea. 
New wing designs were produced in early 2010. Examples are the so-called ‘JackWing’ (Figure 5-21) 
and a wing produced by Delmeco-Verburg for their pulse trawl (Figure 5-22). More details are given 
below in the section on the pulse trawl. 
 
5.4.1.5  “Pulse Trawl” 
The development of electric fishing or ‘pulse’ trawling in The Netherlands has a long history dating 
back from the 1950s (van Marlen, 1985; van Marlen and de Haan, 1988; van Marlen et al., 1997). The 
idea was raised to scare brown shrimps (Crangon crangon L.) off the sea bed by applying pulsating 
electric fields, and later this technology was also applied for sole (Solea vulgaris L.). The research was 
affected by the fuel crises in the middle and late 1970s and aimed at saving fuel costs and energy, 
later in the late 1980s due to critique on the ecosystem effects of trawling and beam trawling also on 
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reducing adverse impacts (Lindeboom and de Groot, 1998; Kaiser and de Groot, 2000; Piet et al., 
2000; Fonteyne and Polet, 2002). 
Wageningen IMARES (former RIVO) became again involved in 1998 in a research and development 
programme in cooperation with a private company (Verburg-Holland Ltd.), the Dutch Fishermen’s 
Federation and the Ministry of Agriculture, Nature and Food Quality leading to a second decade of 
research and development (van Marlen et al., 1999; van Marlen et al., 2000; van Marlen et al., 
2001a; Smaal and Brummelhuis, 2005; van Marlen et al., 2005a; van Marlen et al., 2005b; van Marlen 
et al., 2006; van Stralen, 2006). 
A comparison of landings was done on various trips for the 12m variant. The CPUEs found during 
experiments onboard FRV “Tridens” in 2004 and 2005 were compared to those found during discard 
monitoring trips made on commercial fishing boats. The experiments resulted in 26 kg/hr for sole 
and 52 kg/hr for plaice for the pulse trawl, and 21 kg/hr (sole) and 62 (plaice) for the conventional 
gear. Values between 12-25 kg/hr for sole and 40-60 for plaice were found for a range of vessels 
(Quirijns et al., 2004). This shows that the catch rates obtained with the gears tested were in the 
same order of magnitude of those of commercial boats. It should be noted that in case of comparing 
two gear types on the same boat the conventional gear is usually towed at a speed lower than in 
commercial practice, i.e. around 5.5 kts (van Marlen et al., 2005b). 
The pulse trawl system as developed to-date for commercial application consists of a complete sys-
tem of two winches with feeding cables, connected to pulse trawls. These trawls feature a container 
with underwater electronics, an array of electrodes in the belly of the net in front of the footrope, 
and an adjusted net behind it. 
The performance of 12 m pulse trawls in terms of catches (landings and discards) between a com-
mercial vessel fishing with two pulse beam trawls, and commercial vessels fishing with the conven-
tional beam trawls was compared in 2005 and 2006. The main findings of the comparison were that 
landings of plaice and sole were significantly lower, i.e. about 68% (Table 5-8). There was no signifi-
cant difference in the catch rates of undersized (discard) plaice between the pulse trawl and the con-
ventional trawl. In the pulse trawl, the catch rates of undersized (discard) sole were significantly 
lower than in the conventional beam trawl. The catch rates of benthic fauna (nrs/hr of Astropecten 
irregularis, Asterias rubens, and Liocarcinus holsatus) were significantly lower in the pulse trawl. Also, 
as found before, there were indications that undersized plaice is damaged to a lesser degree and 
have better survival chances in the pulse trawl (van Marlen et al., 2006). 
Table 5-8: Overall landings LpUE comparison found from catch 
comparisons between a vessel fishing with two pulse trawls and a 
vessel fishing with two conventional tickler chain beam trawls in 
2005 and 2006 (van Marlen et al., 2006). 
Trip Pulse 
kg/hr 
Conv  
kg/hr 
Ratio 
1 65.7 69.3 94.8% 
2 57.8 87.8 65.8% 
3 86.2 145.7 59.2% 
4 50.2 75.5 66.5% 
5 61.2 87.4 70.0% 
1 to 5 64.6 95.4 67.7% 
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Meanwhile questions concerning ecosystem effects on other species encountering the beam trawl 
were raised by the European Commission and ICES in November 2005. Discussions in working groups 
of experts and advisory committees in 2006 led to the conclusion worded by ICES that the pulse trawl 
gear could cause a reduction in catch rate (kg/hr) of undersized sole, compared to standard beam 
trawls. Catch rates of sole above the minimum landing size from research vessel trials were higher 
but the commercial feasibility study suggested lower catch rates. Plaice catch rates decreased for all 
size classes. No firm conclusions could be drawn at the time for dab, turbot, cod and whiting but 
there was a tendency for lower catch rates. The gear seemed to reduce catches of benthic inverte-
brates and lower trawl path mortality of some in-fauna species. Because of the lighter gear and the 
lower towing speed, there was a considerable reduction in fuel consumption and the swept area per 
hour was lower. Nevertheless, there were indications that the gear could inflict increased mortality 
on target and non-target species that contact the gear but are not retained. 
ICES recommended additional experiments to be undertaken on a range of target and non-target fish 
species that are typically encountered by the beam trawl gear and with different length classes  and 
with an exposure matching the situation in situ during a passage of the pulse beam trawl before final 
conclusions to be drawn on the likely overall ecosystem effects of this gear. Additionally ICES gave a 
plea for closely monitoring the fishery with a focus on the technological development and by-catch 
properties once the pulse trawls were introduced into the commercial fishery (ICES, 2006b; ICES, 
2006a). Additional tank experiments were carried out in 2009, but the debate on the ecosystem ef-
fects of pulse trawling is still carrying on (ICES, 2006b; ICES, 2006a; van Marlen et al., 2007; de Haan 
et al., 2008; de Haan et al., 2009; ICES, 2009; van Marlen et al., 2009a). 
The performance of 12 m pulse trawls over the year 2006 in terms of catches and earnings between 
the vessel fishing with two pulse beam trawls (denoted PT1), and four vessels fishing with the con-
ventional beam trawls (BT1, …, BT4) were analysed. Later a new vessel started using pulse trawls 
(denoted PT2). The economic performance was measured in 2009 and compared to average values 
for beam trawlers (BT) over the year 2007. 
Table 5-9: Comparison of economic performance of pulse trawlers (PT) with conventional tickler chain beam 
trawlers (BT) , figures derived from (Hoefnagel and Taal, 2009). 
Vessel Year Gross Revenue 
(GR) 
Fuel Cost 
(FC) 
Nett Rev. 
(GR-FC) 
Ratio Nett Rev. 
PT/BT 
Fuel 
Cons. 
Ratio Fuel Cons. 
PT/BT 
Unit  €/wk €/wk €/wk % litre/wk % 
BT1...4 2006 29789 14381 15408  34277  
PT1 2006 23087 8004 15083 97.9 18885 55.1 
BTx 2007 31945 12730 19215  32932  
PT2 2009 34972 5993 28979 150.8 17122 52.0 
 
The average fuel consumption for the pulse trawler PT1 in 2004-2006 could be decreased with a ratio 
of 0.551 , and even better results were found with the pulse trawler PT2 in 2009 with a ratio ranging 
between 0.520 (Hoefnagel and Taal, 2009; van Marlen et al., 2010). Thus the value of 0.50 can be 
used as a proxy for the energy saving potential of the 12 m pulse trawl, mainly caused by its lower 
drag and towing speed. If the gear is replaced by a pulse trawl configuration than a reduction in fuel 
consumption of 35% was predicted using the GES-model, which is lower than these figures reported 
here. 
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The investment in a complete system for pulse trawling, including winches and feeding cables, with 
installation and system tests is estimated at 440000 €, with an estimated yearly costs of 150000 € in 
depreciation, interest and maintenance and repair, minus a saving in existing gear costs of about 20% 
due to the lower towing speed. 
Catches and bycatches opf vessel PT2 fishing with the pulse trawl (2000 hp (1471 kW), Loa = 41.15 m, 
B = 8.50 m, H = 5.30 m) were monitored during four week trips in 2009 (Steenbergen and van 
Marlen, 2009). 
The average number of plaice landed per hour was 58 or, in weight 19 kg plaice per hour. The aver-
age number of plaice discarded per hour was 164 or, in weight 18 kg plaice per hour. This resulted in 
an average discard percentage for plaice of 74% in numbers and 49% in weight. 
The average number of sole landed per hour was 208 or, in weight 53 kg sole per hour. The average 
number of sole discarded per hour was 54 or, in weight 5 kg sole per hour. This resulted in an aver-
age discard percentage for sole of 21% in numbers and 9% in weight. 
The comparative study performed (van Marlen et al., 2006) showed that with the pulse trawl fished 
on PT1 less sole was landed in kg per hour, i.e. 12.87 vs. 16.45 (ratio 78.2%), and fewer plaice, i.e. 
29.76 vs. 46.13 kg per hour (ratio 64.5%). 
Comparing the data of the pulse beam trawl with the data from conventional beam trawl discard 
surveys in 2007 (van Helmond and van Overzee, 2008) leads to the general impression that less 
plaice and more sole was caught with the pulse trawl. The range of individuals of plaice landed per 
hour was 101 - 561 on the conventional beam trawls monitored in 2007, whereas during this study 
between 14 – 106 individuals of plaice were landed per hour with the pulse trawl. The range of indi-
viduals of sole landed per hour was 45 - 149 on the conventional beam trawls that were monitored in 
2007, whereas during this study between 142 – 259 individuals of sole were landed per hour with the 
pulse trawl.   
The discard rates for plaice and sole were compared with conventional beam trawls over the years 
2005, 2006 and 2007, and these were in the same order of magnitude, but in the lower end of the 
scale (Table 5-10). 
Table 5-10: Comparison of discard percentages of plaice and sole with those of conventional beam trawls in 
the years 2005, 2006, and 2007 (van Keeken, 2006; van Helmond and van Overzee, 2007, 2008). See also 
Steenbergen and Van Marlen, 2009, Table 4.1) 
 % D Plaice  % D Sole 
 n w n w 
BT 2005 83 52 23 11 
BT 2006 86 54 29 13 
BT 2007 77 46 23 10 
PT2 74 49 21 9 
 
Recent developments in pulse trawling are the production of a Pulse SumWing by HFK Engineering, 
and improvements in the design by Verburg-Holland Ltd. with the Delmeco Group Ltd. Model tests 
were recently (26/03/2010) carried out in the flume tank of Boulogne-sur-Mer with new designs of 
wing shaped beams (Figure 5-21 and Figure 5-22). These designs will enable a further drop in fuel 
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consumption with the pulse trawl, as the beam shape of the earlier versions was not optimal in hy-
dro-dynamical sense. 
 
Figure 5-21: Model of a “Jack Wing” in the flume 
tank of IFREMER in Boulogne-sur-Mer 
Figure 5-22: Model of a “Delmeco Wing” in the 
flume tank of IFREMER in Boulogne-sur-Mer 
 
5.4.1.6 Bycatch Reduction Panels and/or codends 
Bycatch Reduction Panels (BRPs) are being developed for towed gears since decades, with consider-
able success. The well-known Square Mesh Panel (SMP) allows escapement of particularly juvenile 
roundfish (haddock, cod and whiting), but is less effective on flatfish (Fonteyne and M'Rabet, 1992), 
and has been introduced into commercial fisheries since the 1990s. Better selection is offered 
through hanging meshes on the square and allowing them to open wider. Another successful design 
is the horizontal or declined Separator Panel which uses behavioural differences of various species 
leading to differences in vertical distribution once inside the net. 
A recent study summarises various techniques used in Belgian beam trawls to reduce bycatches 
(Depestele et al., 2009). Mesh sizes of 120, 150 and 200 mm were tried out. The windows were 1.80 
m long and 1.20 m wide and were inserted at a distance of about 1.2 m (10 x 120 mm meshes) from 
the cod-end. The 200 mm window was made of braided polyethylene netting of R10800tex; the 120 
and 150 mm windows were made of braided polyethylene netting of R9600tex. Comparative fishing 
experiments with an 8 m double beam trawl (two adjacent nets 4 m wide) onboard FRV “Belgica” 
(50.9 m L o.a., 765 GRT, 1154 kW engine power) showed that the average reduction in benthos 
weight was 83, 70 and 64 % for the 200, 150 and 120 mm square mesh windows respectively. But the 
penalty was a loss in commercial catches, e.g. 45% in sole (Solea vulgaris L.) with the 200 mm win-
dow. Based on these trials, a mesh size of 150 mm seemed to be the best choice. 
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Figure 5-23: Belgian Benthic Release Panel 
 
Other successful constructions are the ‘cut-away’ trawl where the headline is retrieved thus offering 
escapement chances for fish high up in the net. A variant is the Square Mesh Top (SMT) or Large 
Mesh Top (LMT) panel  in beam trawls. These designs enabled escapement of particularly whiting 
and haddock, with release rates of 30-40% in the larger nets, with only marginal loss in target flatfish. 
The effect on cod was less pronounced (van Marlen et al., 1993; Fonteyne et al., 1997; van Marlen, 
2003), although in some cases a good escapement of juvenile cod was found (van Marlen personal 
communication). 
 
Table 5-11: Catch reductions obtained with the various configurations in the Belgian trials (From Fonteyne, 
1997) 
 
 
Cutaway covers or square mesh top panels may be applied, but the degree of success depends on 
the vessel size and gear size. The reason is that on the smaller vessels using smaller nets the escape 
opening cannot be made sufficiently large to allow adequate escape of roundfish without incurring 
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losses of flatfish. For the 221 kW vessels the results do not justify the use of the species selective 
devices (Depestele et al., 2009). 
Next to square meshes the T90 construction method proved to be effective in releasing fish. Here 
meshes are turned 90° to cause the strain to be perpendicular to the normal direction resulting in 
wider opening (Herrmann et al., 2007). Trials in Belgium with T90 resulted in improvement in selec-
tivity for many species with more escapement of undersized target fish, roundfish species, non-
commercial fish and benthic invertebrates with higher catches of marketable fish (Depestele et al., 
2009). 
Table 5-12: Selectivity parameters for a standard 80mm commercial cod-end and an 80 mm T90 cod-end for 
five commercial and one non-commercial species. 
 
 
Experiments with the T90 cod end and the BRP on board of the eurobeamer N58 ‘Pascin’ largely con-
firm previous observations on board the research vessel ‘Belgica’ and large beam trawlers: 
• Reduction of total non-commercial catch with the BRP (48% to 58%) 
• No loss of commercial sole with the T-90 cod end (13% extra) 
• Improved length selectivity for sole when using the T-90 cod end 
• No loss of commercial plaice with the T-90 cod end 
• Reduced length selectivity for plaice when using the T-90 cod end 
In contrast to previous observations, application of the BRP on board the eurobeamer N58 ‘Pascin’ 
resulted in a high loss of commercial sole (27%). Further experiments were deemed needed to de-
termine the cause of this loss and why it was not observed during earlier experiments. A more in 
depth analysis of benthic invertebrates in the non-commercial bycatch shows that the performance 
of the BRP is highly species dependent (most effective in reducing the bycatch of hermit crab, whelk 
and brittle star). Experiments on larger vessels confimed the bycatch reduction potential of BRP’s and 
T90 sections (Depestele et al., 2008). A paired Wilcoxon analysis of commercial catch weights re-
corded onboard MFV Z98 (per haul and per configuration) showed significant catch losses for cod (-
36%), brill (-22%) and sole (-9%), see (Depestele et al., 2010).  
The examples above were meant to release juvenile fish, but there are also designs made for releas-
ing benthic invertebrates. An example in the chain mat type of beam trawl is an SMP placed in the 
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bottom sheet in front of the codend often in combination with a Square Mesh Codend (SMC) (Fon-
teyne and Polet, 2002; Revill and Jennings, 2005; Wade et al., 2009). Revill and Jennings found re-
lease rates for all species ranging from 48-80%, and for crustacea from 70-82% depending on the 
panel design. Wade et al., 2009 came up with a discard reduction rate of some 60% following the use 
of SMPs and an SMC on commercial boats for more than a year based on a national competition. 
Recently the panels were extended to the use of larger meshes throughout the net (Revill, 2010). 
Benthic Release Holes (BRH) are in use by many skippers from time to time and shown to be effective 
(van Marlen et al., 2009c). 
 
 
Figure 5-24: Benthos Release Hole (BRH1) inserted in bottom sheet of the 
port beam trawl, left the guider, right the escape hole (From Van Marlen et 
al., 2009b). 
 
Often such designs need to be fine-tuned for specific fisheries, and the crux is to find a good balance 
between release rates and losses in commercial catches. Work is continuing with the current pres-
sure to decrease by-catches and discarding. 
 
5.4.1.7 Changes in cod-end mesh size 
In general terms, the aggregated level of discarding across all species is high (89% by number and 
55% by weight). Discard levels for plaice (indicator species) and cod (recovery species) also have high 
rates of discards (by number), 74 and 76% respectively (STECF, 2008a; STECF, 2008b). 
It is generally acknowledged, that it is very difficult to reduce by-catches of other than by mesh size 
alterations. STECF simulated (in the absence of selectivity data on larger mesh sizes) the effect of 
mesh size increases on the retention of plaice and sole. Beam trawl selectivity data for an 80mm cod-
end from (Depestele et al., 2009) was used to estimate the selectivity parameters of a 90 and 100mm 
cod-ends. This assumes a constant selection factor (50% retention length/mesh size) across mesh 
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sizes. Increasing the mesh size to 90 or 100mm was predicted to reduce plaice discards by 10 and 
24% respectively, but this would also equate to losses in marketable sole of 14 and 32% respectively. 
Therefore, increasing mesh size as a unitary measure to reduce plaice discards inline with the targets 
was deemed unlikely to be met without using a mesh size well in excess of 100mm, as such an in-
crease in mesh size would drastically reduce the retention of commercial sole (STECF, 2008a). 
STECF concluded that “It should be noted that significant reductions in the by-catches of benthos 
have also been demonstrated in the beam trawl fishery through the use of square mesh panels fitted 
in the belly of the trawls. While benthos is not considered within the discards/by-catch criteria used 
here, their effect is significant and should also be promoted, not least through potential improve-
ments in catch quality which could partially offset some of economic losses associated with the 
measures identified above” (STECF, 2008a). Recently work was also carried out in The Netherlands 
with bycatch reduction panels involving skippers from the beam trawl sector (van Marlen et al., 
2009c). 
 
5.4.1.8 Changes in mesh size in other parts of the gear 
Attempts of improving size selectivity by changing mesh sizes in parts of a trawl were made by sev-
eral workers (Thomsen, 1993; Campbell et al., 2010; Revill, 2010). 
In project 50%, a ‘social marketing’ approach was initially used to identify the incentive framework 
required to help Devon beam trawler men to reduce their discards. Using this framework as the basis 
for subsequent work, the Devon beam trawler men have reduced their discards by over 50% (range 
25%-68%). These reductions were achieved by developing modified trawls, that the fishermen de-
signed themselves. In this unique and successful partnership, CEFAS provided the support to the fish-
ermen involved together  in partnership with government and local fishermen’s organisations. This 
social marketing approach to behavioural change, identified many factors (not previously identified) 
that were impeding real progress with respect to discard reduction in this fishery (Revill, 2010). It 
should be noted, however, that in many cases the losses of sole and plaice were relatively large, and 
for fishermen targeting only these species as in the Dutch fleet, likely not acceptable. 
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Figure 5-25: Examples of gear modifications used in the CEFAS 50%-project 
 
 
 
Figure 5-26: Examples of gear modifications used in the CEFAS 50%-project, continued 
Catch comparison trials were carried out in 2008 on a trawl gear where the 160 mm mesh size net-
ting in the forward sections was replaced with 300 mm mesh size netting. This gear, known as the 
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‘Orkney gear’, was designed to reduce, but not eliminate, catches of Atlantic cod in the North Sea 
mixed whitefish fishery. The modified gear retained significantly fewer cod smaller than 78 cm while, 
above 78 cm, there is no significant difference in the amount of cod caught. Catches of monkfish 
were 16% less, however, there was no significant difference in the numbers of monkfish caught 
above 55 cm. There was about a 43% loss of megrim across all length classes and there were no 
losses of haddock and whiting (Campbell et al., 2010). 
 
5.4.1.9 Separator panels 
Application of an inclined separator panel in a beam trawl can significantly reduce unwanted bycatch 
of cod (-39%), as found from three trips on the commercial beam trawler Z39. The limited data avail-
able on other species showed no significant catch reduction (Depestele et al., 2010). 
 
Figure 5-27: Inclined Separator Panel tested in Belgium (from Depestele et al., 2010) 
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5.5 Task 3.5 Alternative vessel types and alternative fishing methods 
5.5.1 Changes in vessel design 
The beam trawler is technically well developed and hard to improve. The stability requirements ask 
for a rather beamy vessel with a high metacentre. One can think of altering the shape of the hull to 
decrease the resistance while steaming. In the ESIF-project we have looked at small changes in op-
eration, such as reducing towing or steaming speed, and moderate changes, such as increasing pro-
peller diameter (where possible). In combination with other measures, such as the HydroRig, to re-
duce gear drag, the savings can run up to about 15%, but this also requires quite a high investment in 
a new propeller. The effect of reducing steaming speed turned out to be marginal, i.e. ~1%. More 
gain is to be expected from reducing towing speed, particularly in combination with a low drag gear, 
reaching 20% savings. Nevertheless,  in terms of economy such savings are unfortunately not enough 
to cover losses at present fuel prices (van Marlen et al., 2009b). 
Table 5-13: Summary Table of Technical/Operational Adaptations to decrease the energy use of beam trawls 
(Source: Report EU project Energy Savings in Fisheries (ESIF), Van Marlen et al., 2009) 
No Adaptation Potential Fuel Saving (%) Investment Costs (€) Effect on LPUE (%) 
1 Gear drag reduction through hydro-
foil and lighter chains 
7 10000 75 
2 Pulse trawl at lower towing speed 40 440000, with an esti-
mated yearly costs of 
150000 
77.5 
3a Larger propeller diameter in FPP 
with nozzle using std gear 
9 10000 n/a 
3b Larger propeller diameter in FPP 
with nozzle using HydroRig 
15 10000 n/a 
4a Reduction steaming speed using std 
gear 
1 - 97.5 
4b Reduction steaming speed using 
HydroRig 
1 10000 97.5 
5a Reduction towing speed using std 
gear 
15 - n/a 
5b Reduction towing speed using Hy-
droRig 
20 10000 n/a 
 
5.5.2 Danish seining and ‘Fly-shooting’ or Scottish seining 
Danish seining or ‘snørrevåd’ is a semi-static fishing method based on the herding effect of cables 
running over the sea bed. Its origin is operated from a beach. Later the application with fishing ves-
sels anchored off-shore was developed. A rope called ‘seining rope’ is paid out first from the shore, 
then the net laid on the sea bed, and the other cable attached to the net paid out. Its end brought 
back and connected to the first cable. Both are heaved in by hand or using a winch enclosing fish on 
the sea floor and sweeping them together in the surface between the cables. The net is then pulled 
in through the accumulated fish and heaved in. The catch is only shortly inside the net during the last 
phase of the operation, ensuring high quality. The method depends on detection of the cables by 
fish, thus needing light and visibility. In the off-shore variant the vessel pays out a buoy with floata-
tion on anchor, shoots the seining rope from the buoy, places the net on the sea bed, returns to the 
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buoy to pick up the end of the first seining rope, and then heaves both ends and the net in  (Figure 
5-28). 
 ‘Fly-shooting’ is based on similar techniques, but here the vessel does not lay on anchor, but uses 
propeller thrust to move forward and heave in the gear. The Dutch beam trawling sector is fitting 
vessels out for this technique at increasing scale. The method is not suitable for catching sole. 
 
Figure 5-28: Danish seining – shooting and heaving operation 
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5.5.3 Danish pair-trawling 
A related technique has been developed using two boats fishing in pair. The difference with Danish 
seining is that both vessels move forward at low towing speed. During hauling the vessels moves 
toward each other and one of the boats takes over the net and brings in the catch (Figure 5-29). 
 
 
Figure 5-29: Danish pair trawling 
 
5.5.4 Static gear (gill nets, pots) 
Instead of using towed gear to catch plaice and sole, static gear such as gill nets can be considered. 
Selection factors (L50/mesh size) ranged from 3.28 for sole, 2.60 for plaice and 4.56 for cod, and it 
was found that a bi-normal form for the selection curve gave the best fits (Madsen et al., 1999).  By-
catch of elasmobranches were reported in some gillnet fisheries, although not targeted at flat fish 
(Baeta et al., 2010), but survival rates are reported as high typically over 90% (Vander Haegen et al., 
2004; Revill et al., 2005). A project was recently started under the Dutch Fishery Innovation Platform 
to develop static gear applications in The Netherlands, with input from ILVO-Ostend. 
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5.6 Summary of gear related mitigation methods 
The Scientific, Technical and Economic Committee for Fisheries of the European Commission summa-
rized data on discarding in the European fishing fleets, and made a list of mitigation methods that 
might be considered, although not specifically aimed at gear to catch plaice and sole (STECF, 2008). 
An extended review of physical and biological effects of bottom trawling and potential gear modifica-
tions to mitigate such effects was done in EU-project REDUCE (contract FAIR C&-97-3809), (Linnane 
et al., 2000). 
We summarize these views in Table 5-14 and have added some new entries in Table 5-15 below. 
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Table 5-14: Examples of gear-based mitigation measures known to reduce discards of species demonstrated to have high discard rates, from Table 18.2.1, STECF, 2008 
Technology, principles and comments Notes Example references 
Square mesh panels/windows 
Already implemented for several EU fisheries 
but recent work indicates that performance 
can be substantially improved (see refer-
ences) 
Reduces capture of un-
dersized fish of species 
including WHG, HAD, 
COD, HKE, HOM, MAC, 
POL, POK, WHB 
Arkley, K., Dunlin, G., 2002. Improving the selectivity in towed gears - Further investigations into 
the use of low diameter twines for the construction of square mesh panels, Sea Fish Industry Au-
thority, Hull, Seafish Report SR544. 
Campos, A., Fonseca, P., Wileman, D., 1996. Experiments with sorting panels and square mesh 
windows in the Portuguese crustacean fishery, ICES CM 1996/B:15. 
Revill et al 2007. Recent work to improve the efficacy of square-mesh panels used in a North Sea 
Nephrops norvegicus fishery. Fisheries Research, 85, 335-341. 
Square mesh codends 
Square or meshes turned 90 degrees remain 
open during trawling providing more oppor-
tunity for small fish to escape 
Increase escape of small 
specimens for species 
including PLE, GUR, LEM, 
HKE, DAB, PLE, WHG, 
BIB, POD 
Ulmestrand, M., Valdemarsen, J.W., unpubl. An assessment of square mesh codends as a conser-
vation strategy in the Skagerrak/Kattegat Nephrops fishery, Institute of Marine Research - Swe-
den, Lysekil. 
Madsen, N., Moth-Poulsen, T., 1994. Measurement of the selectivity of Nephrops and demersal 
roundfish species in conventional and square mesh panel codends in the northern North Sea, ICES 
1994/B:14. 
Revill, A et al 2007.  
Separator trawl 
Programme 22: Reducing discards: Square-mesh codends in combination with 
square-mesh release panels (SW beam trawl fisheries). Fisheries Science Partnership: 2007/08, 
Final Report, Cefas. 
Utilising the difference in species behaviour 
during the fishing process whereby some rise 
Separate rising fish (e.g. 
HAD, WHG, WHB, HOM) 
from groundfish (e.g. 
Graham, N., Fryer, R.J., 2006. Separation of fish from Nephrops norvegicus into a two tier cod-end 
using a selection grid. Fisheries Research In press. 
Campos, A, Fonseca P. 2004. Separator panels and square mesh windows for bycatch reduction in 
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within the trawl NEP, COD, PLE, MON) the crustacean trawl fishery off the Algarve. Fisheries Research, 69, 147-156. 
Rihan, D.J., McDonnell, J., 2003. Protecting Spawning Cod in the Irish Sea through the use of In-
clined Separator Panels in Nephrops Trawls, ICES CM2003/Z:02. 
Selection grids to retain small species 
For use in fisheries in which the target species 
is smaller than the bycatch species e.g. in NEP 
and NOP fisheries 
Unwanted catches of all 
species can be reduced 
depending on size (e.g. 
WHG. COD, HAD, WHB)  
Catchpole, T.L., et al. 2006. An assessment of the Swedish grid and square mesh codend in the 
English (Farn Deeps) Nephrops fishery Fisheries Research, 81, 118-125 
Kvalsvik, K. et al 2006. Grid selection in the North Sea industrial trawl fishery for Norway pout: 
Efficient size selection reduces bycatch. Fisheries Research, 75, 248-263. 
Fonseca, P et al 2005. Using a modified Nordmore grid for bycatch reduction in the Portuguese 
crustacean fishery. Fisheries Research, 71, 223-239. 
Selection grids to retain large specimens 
Grids used to provide an escape route for 
small specimens 
Species tested using this 
method include NEP, 
MON, MAC, HER, HOM 
Loaec, H et al 2006. Engineering development of flexible selectivity grids for Nephrops. Fisheries 
Research, 79, 210-218 
Sarda, F et al 2006. The use of a square mesh codend and sorting grids to reduce catches of young 
fish and improve sustainability in a multispecies bottom trawl fishery in the Mediterranean. Scien-
tia Marina , 70, 347-353. 
 
Reportnumber ~number~ page 51 of 56 
Table 5-15: Other gear-based mitigation measures that might be considered. 
Technology, principles and com-
ments 
Notes Example references 
Large Mesh Toppanels in beam 
trawls (TBB) 
Proven effective to release about 
30-40% of round fish without much 
affecting flatfish catches. 
Reduces cap-
ture of under-
sized fish of 
species includ-
ing WHG, HAD, 
COD 
Van Marlen, B., 2003. Improving the selectivity of beam trawls in The Netherlands. The effect of large mesh top panels on 
the catch rates of sole, plaice, cod and whiting. Fisheries Research, 63: 155-168, 2003 
Benthic Release Holes in beam 
trawls (TBB) 
Under development, research 
shown it to have potential. Need to 
be fine-tuned. 
Reduces cap-
ture of benthic 
invertebrates 
Van Marlen, B., M.J.N. Bergman, S. Groenewold, M. Fonds, 2005. New approaches to the reduction of non-target mortali-
ty in beam trawling. Fisheries Research, 72: 333-345, 2005 
van Marlen, B., van Helmond, A.T.M., Buyvoets, E., 2009. Reduction of discards by technical modifications of beam trawls. 
IMARES Report C003/09, pp. 69. 
Sieve net in brown shrimp (Cran-
gon) beam trawls (TBB) 
Proven effective to release non-
target fish > 10 cm length. 
Reduces cap-
ture of under-
sized fish of 
species (> 10 
cm in length) 
including WHG, 
HAD, COD 
Polet, H., Coenjaerts, J., Verschoore, R., 2004. Evaluation of the sieve net as a selectivity-improving device in the Belgian 
brown shrimp (Crangon crangon) fishery. Fisheries Research 69 (1), 35-48. 
van Marlen, B., de Haan, D., Revill, A.S., Dahm, K.E., Wienbeck, H., Purps, M., Coenjaerts, J., Polet, H., 2001. Reduction of 
discards in crangon trawls (DISCRAN): final report for the period 01-03-1999 / 28-02-2001. RIVO Report C012/01. 
van Marlen, B., de Haan, D., Revill, A.S., Dahm, K.E., Wienbeck, H., Purps, M., Coenjaerts, J., Polet, H., 2001. By-catch re-
duction devices in the European Crangon fisheries. ICES CM 2001/R:10, Theme Session R. 
Alternative stimulation in beam 
trawls - Pulse beam trawl (TBB) 
Proven technology to save fuel and 
catch sole and plaice in flatfish fi-
sheries, and to catch brown shrimp 
(Crangon crangon L.) in shrimp fi-
sheries. Need for lift of EU-ban. 
Currently under review by ICES. 
Reduces cap-
ture of benthic 
invertebrates 
by ~50% (flat-
fish trawl) to 
~75% (shrimp 
trawl) 
Hoefnagel, E., Taal, K., 2009. The economic performance and the environmental impact of the Pulse trawl in comparison 
to the conventional Beam trawl (WP 5.1 and WP 5.2.). Report EU-project DEGREE, Sept 2009. 
ICES, 2006. Report of the Ad-hoc Group on Pulse trawl evaluation.  
Polet, H., Delanghe, F., Verschoore, R., 2005. On electrical fishing for brown shrimp (Crangon crangon): I. Laboratory ex-
periments. Fisheries Research 72 (1), 1-12. 
Polet, H., Delanghe, F., Verschoore, R., 2005. On electrical fishing for brown shrimp (Crangon crangon): II. Sea trials. Fishe-
ries Research 72 (1), 13-27. 
Steenbergen, J., van Marlen, B., 2009. Landings and discards on the pulse trawler MFV “Vertrouwen” TX68 in 2009. IMA-
RES Report C111/09, pp. 20. 
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Technology, principles and com-
ments 
Notes Example references 
van Marlen, B., Grift, R., van Keeken, O., Ybema, M.S., van Hal, R., 2006. Performance of pulse trawling compared to con-
ventional beam trawling. RIVO Report C014/06, pp. 60. 
van Marlen, B., Piet, G.J., Hoefnagel, E., Taal, K., Revill, A.S., O’Neill, F.G., Vincent, B., Vold, A., Rihan, D., Polet, H., Stou-
ten, H., Depestele, J., Eigaard, O.R., Dolmer, P., Frandsen, R.P., Zachariassen, K., Innes, J., Ivanovic, A., Neilson, R.D., Sala, 
A., Lucchetti, A., De Carlo, F., Canduci, G., Robinson, L., 2010. Development of fishing Gears with Reduced Effects on the 
Environment (DEGREE). Final Publishable Activity Report - EU Contract SSP8-CT-2004-022576, pp. 239. 
Alternative stimulation in beam 
trawls - HydroRig (TBB) 
Under development, has shown 
potential to reduce fuel consump-
tion and bycatches. 
Reduces cap-
ture of benthic 
invertebrates 
by ~50% 
Not published yet. 
 
 
Outriggers replacing tickler chain 
beam trawls 
Reduces cap-
ture of benthic 
invertebrates 
by ~80%, main-
ly good for 
catching plaice 
(150%), less 
efficient on sole 
(20%). 
Bult, T.P., Schelvis-Smit, A.A.M., 2007. Een verkenning van de mogelijkheden van outriggen door vissers, uitgevoerd in het 
kader van het advies van de "Task Force Duurzame Noordzeevisserij" (Dutch). IMARES Report C02207, pp. 33. 
Vanderperren, E., 2008. Projectrapport Outrigger II - Introductie van de bordenvisserij in de boomkorvloot met het oog op 
brandstofbesparing (Flemish). ILVO Report VIS/06/C/02/DIV, pp. 106. 
van Marlen, B., vanden Berghe, C., van Craeynest, K., 2009. Onderzoek naar de verbetering van tongvangsten in de out-
rigvisserij (Dutch). IMARES Report C117/09, pp. 46. 
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